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ABSTRACT 
Paleoenvironmental and Stratigraphic Interpretation 
of the Middle Cambrian Ute Formation, 
Northern Utah 
by 
Keith E. Eagan, Master of Science 
Utah State University, 1996 
Major Professor: Dr. W. David Liddell 
Department: Geology 
The Middle Cambrian Ute Formation includes some 200 m of cyclically 
111 
alternating carbonates and mud rocks. These are arranged in eight to nine, meter-scale, 
shallowing-upwards packages, representing deposition under predominantly subtidal 
conditions. The packages consist of vertical sequences of shale, silty limestone, 
oncolitic packstone, and oolitic grainstone that exhibit little variance in this general 
pattern. Small-scale unconformities separate the packages. The inferred depositional 
environment consists of an intrashelf basin that has a peritidal platform near its margins. 
The craton, which supplied most of the terrigenous sediment, was situated to the south 
(Cambrian orientation), and located near the equator. One cycle includes a stromatolite 
biostrome that is distributed across more than 1500 km2 in northern Utah and southern 
IV 
Idaho. Stromatolites range from mound-like to club-shaped to columnar and reach up to 
2 m in vertical dimension, and 0.15 m in diameter. 
These large columnar structures were apparently established just basinward of an 
oolitic shoal. These ancient stromatolites, which are in many ways similar to those 
stromatolites recently reported from the Bahamas, contain many clues that suggest that 
they grew in normal marine conditions. These findings require a rethinking of the 
commonly held belief that Phanerozoic columnar stromatolites are indicators of 
restricted, hypersaline conditions. Analysis of several orders of laminae in Ute 
Formation stromatolites indicates periodicity in accumulation from which yearly 
accumulation rates may be inferred. Values obtained for growth rate range from 4.39-
4.88 cm/yr. Such rates of accumulation are in accord with those documented for ancient 
stromatolites from the Bitter Springs Formation. Thus, even considering the occurrence 
of hiatal surfaces within the stromatolites, the duration of the columnar-stromatolite 
horizon probably encompasses 10-2-10-3 yr. 
The biostrome's position in the sequence of cycles and the changes in 
stromatolite morphology across depositional dip suggest that the biostrome may be 
essentially isochronous across its outcrop area and, thus, may be viewed as a bioevent 
horizon. The stromatolites also contribute to a better understanding of the 
paleogeography of the study area during the Middle Cambrian by providing information 
on relative energy levels and flow directions. 
(212 pages) 
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INTRODUCTION 
The Middle Cambrian Ute Formation comprises some 200 m of cyclically 
deposited and predominantly subtidal carbonates and silty shales. The formation is 
widespread, with outcrops scattered through 15,000 km2 in the northern Utah and 
southern Idaho portions of the eastern Great Basin (Williams 1948; Maxey 1958; Stokes 
1986; Oriel and Platt 1980; fig. 1 ). 
The occurrence of widespread, large columnar stromatolites (up to 2 m high) in 
the Ute Formation provides an opportunity to evaluate the utility of these stromatolites 
in sedimentological and stratigraphic interpretations. For example, analyses of 
stromatolite laminae may provide information on the duration of the horizon and, thus, 
sedimentation rates in the Ute Formation. Also, the wide extent and distinctive nature 
of the stromatolite horizon suggest that it may be a biostratigraphic marker (bioevent) 
horizon. Further, stromatolite morphologies may provide information on the 
paleogeography and paleocurrents that existed during the time of the deposition of the 
formation. Finally, this occurrence will allow the testing of environmental models for 
columnar stromatolites. 
Stratigraphic and Structural Setting 
The Cambrian formations of the western Cordillera were deposited on a passive 
margin that formed in response to the break p of a Late Proterozoic supercontinent 
between 625-555 Ma (Bond et al. 1984). D ring the Middle to Late Cambrian, some 2 
km of post-rift sediments, largely carbonates and fine-grained terrigenous materials, 
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3 
were deposited on the margin (Rigo 1968; Stanton and Evans 1972; Stewart and Poole 
1974; Levy and Christie-Blick 1989). Palmer (1971, 1974), Kepper (1972), and Palmer 
and Halley ( 1979) developed a model of a presently north-south-trending carbonate belt 
that separated eastern (inner) and western (outer) detrital belts. The present eastern 
Great Basin area was located at approximately 11 ° N latitude during the Cambrian, with 
the equator bisecting North America in a north-south orientation (Scotese et al. 1979; 
Ziegler et al. 1979). 
The Ute Fonnation is largely restricted to the hanging wall of the Willard Thrust 
(Crittenden 1972). These rocks are thought to have experienced a minimum of 51 km 
of eastward translation during the Sevier orogenic event (Levy and Christie-Blick, 
1989). Outcrops are discontinuous due to the effects of Sevier compression and Tertiary 
extension (Miller 1990; fig. 1 ). 
The Middle Cambrian (Glossopleura and Ehmaniella Zones; Maxey 1958) Ute 
Formation comprises cyclically-alternating fine-grained terrigenous and carbonate 
rocks. Lithologies present include green, silty shales, silty limestones (in which orange­
weathering, silty laminations alternate with thin gray lime mudstones to wackestones), 
and oolitic and oncolitic packstones to grainstones. 
Stratigraphic relationships of the Middle Cambrian units in northern Utah and 
southern Idaho are discussed by Deiss (1938), Williams and Maxey (1941), Williams 
(1948), Maxey (1958), Rigo (1968), and Oriel and Armstrong (1971) (fig. 2). Previous 
studies of depositional environments within the Ute include Maxey (1958), Gelnet 
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( 1958), Deputy ( 1984 ), and Rogers ( 1987). 
Deputy ( 1984) suggested that the Ute Formation was deposited in a 
predominantly subtidal environment. The Ute Formation was divided by Deputy (1984) 
into the following environments: (1) elastic marine shelf, (2) carbonate marine shelf, (3) 
agitated-shoal, and (4) quiet-water shoal. The shoreline during the Middle Cambrian 
trended northeast to southwest through northcentral Utah (present orientation). The 
location of the study area, with respect to the Ute Formation during the middle 
Cambrian, was about 11 ° north of the equator (Palmer 1971 ). Terrigenous sources lay 
to the present northwest and east (Maxey 1958). The environment in which the 
stromatolites grew may represent a north-trending shoal separating an epeiric sea to the 
west from a shallow lagoon to the east (Palmer 1971). 
The exposures of the Ute Formation in the Wellsville Mountains are generally 
superior to those at other localities, and also contain the best-developed stromatolite 
horizons. Principal study localities in the Wellsville Mountains were (from north to 
south): Donation Canyon, Miners Hollow, Cataract Canyon, Antimony Canyon, and 
Mantua, Box Elder Co., UT (U.S.G.S. Brigham City and Mount Pisgah 7.5' 
quadrangles). Columnar stromatolites were also found in the Ute Formation at Gardner 
Canyon, Clarkston Mountain, Box Elder Co., UT (Portage 7.5' quadrangle) and in the 
Bear River Range at Maple Creek Canyon, Franklin Co., ID (Mapleton 7.5' quadrangle) 
and High Creek Canyon and Blacksmith Fork Canyon, Cache Co., UT (Naomi Peak and 
Porcupine Reservoir 7.5' quadrangles), with well-developed horizons at Maple Creek 
and High Creek Canyons. Additional localities examined, but apparently lacking large 
stromatolites, include: the southern end of the Promontory Mountains, Box Elder Co. 
(Promontory Point 7.5' quadrangle) and the South Fork of the Ogden River, east of 
Huntsville, Weber Co., UT (Browns Hole 7.5' quadrangle) (fig. 1). 
Stromatolite Evolution 
6 
The time when Archean stromatolites first appeared is not certain (Hoffman 
1976b), but it is known that the first stromatolites were cyanophytes (Wray 1977) and 
that they flourished uncontested for 2.0 billion years without evidence of predation by 
grazing. Precambrian stromatolites populated enormous areas, and grew in water depths 
greater than 1 Om (Dill et al. 1986). Stromatolites diversified through time (Hofmann 
1976), as evidenced by the comparison of the famous Gunflint stromatolites (2.0 b. y.) 
with those of the biota of the Bitter Springs Formation (0.8 b. y.) of central Australia. 
The latter show a much higher diversity. As stromatolites evolved, they incorporated 
eucaryotic algae symbiotically with the prior procaryotic algae. This resulted in 
competition between the algal groups and, with time, the eucaryotic algae played a more 
important role in the construction of stromatolites (Monty 1976). The diversification of 
cyanophytes and evolving eucaryotic algae may explain the great diversity and 
abundance of stromatolites in Late Proterozoic rocks and, to some degree, in Cambrian 
rocks. After this, the decline in abundance and diversity of stromatolites was due to the 
origin of grazing metazoans (Garrett 1970; Awramik 1976; Walter and Heys 1985) that 
utilized the stromatolite for food and used the "reef-like" structure of the stromatolite as 
a dwelling and for protection from wave energy and possibly predators (Frey 1975; 
Walter and Heys 1985). 
7 
Modem examples of living stromatolites are those of Shark Bay, Australia 
(Logan et al. 1974) and the hardened subtidal stromatolites of normal-salinity marine 
waters of the Bahamas (Dravis 1983; Dill et al. 1986). The stromatolites are growing in 
hypersaline conditions in Shark Bay and in current-swept channels of subtidal platforms 
in the Bahamas (fig. 3). Golubic (1976) believed that stromatolites largely grow in 
harsh environments today because of the pressures put on them elsewhere by grazing 
metazoans. Currents and hypersalinity restrict the presence of metazoans and, thus, 
favor stromatolites. 
Stromatolite Morphogenesis 
Columnar stromatolites are produced by the combined organic activities of algae 
and bacteria (cyanobacteria), and are shaped by the physical forces of wave action and 
currents produced by lunar and wind-driven tides (Bertrand-Sarfati and 
Moussine-Pouchkine 1984). The internal structure of a stromatolite is an alternating 
sequence of laminae that are the combined result of cyanobacterial activity and 
sedimentation. Algae grow vertically by day and secrete a sticky mucous that traps 
falling sediment (Wray 1977, Gerdes and Krumbein 1987). The sediment is then bound 
by filamentous bacteria, which grow during the night (Dodd and Stanton 1981; Gerdes 
and Krumbein 1987). This daily cycle produces the lamination visible in a polished slab 
or acetate peel. 
Figure 3. Modem stromatolites associated with ooid sand dunes and occurring at 6 m depth off Lee Stocking Island, 
Exuma Chain, Bahamas. 
00 
9 
The shape of a stromatolite is dependent upon the physical forces of the 
environment, for example, currents produced by the oscillation of the tide and wave 
action produced by the wind (Walter 1977). Where currents are weak, stromatolites 
form mats or domes, whereas stronger currents produce columnar stromatolites (Logan 
et al. 1974; Grey and Thome 1985). Shark Bay is an example of an environment where 
there is sufficient wave energy to shape the stromatolites. This suggests that the 
environment is the main control of the stromatolite shape (Golubic 1976). Biological 
processes also influence the development of the stromatolite structure. For example, 
organisms boring into the structure for food and shelter disrupt the continuity of the 
laminae by mixing and redepositing the sediment (Playford and Cockbain 1976). 
Awrarnik (1976) showed that stromatolites can be used as paleolatitude 
indicators. This evidence was obtained from the Bitter Springs Formation in Australia, 
in which the sinusoidal patterns of laminae were interpreted as solar tracking by micro­
organisms. This inclination toward the sun is known as heliotropism, and has been 
documented in detail by Vanyo and Awrarnik ( 1985) in a study done in Hamelin Pool, 
western Australia. 
Stromatolites as Paleoenvironmental Indicators 
The abundant cyanobacterial structures (stromatolites) of the Proterozoic Eon 
suffered a drastic decline near the end of the Eon, presumably due to the rise of 
metazoan grazers and burrowers (Garrett 1970; Awramik 1971; Walter and Heys 1985; 
and others) and/or competition with eucaryotic macrophytes (Fischer 1965; Gebelein 
10 
1969). As a result of this, and the fact that the famous Shark Bay, Australia, setting 
(Logan 1961; Hoffman 197 6a; Playford and Cockbain 197 6) was one of the few 
available modem occurrences of columnar stromatolites, post-Proterozoic columnar 
stromatolites often have been assumed to indicate intertidal and restricted, hypersaline 
environments (although Playford and Cockbain [1976] noted that columnar 
stromatolites occurred to depths of at least 3.5 m in Hamelin Pool, Shark Bay). While 
this interpretation may be correct for many post-Proterozoic occurrences of columnar 
stromatolites, the recent discovery of columnar stromatolites actively growing in 
nonrestricted subtidal environments of the Bahamas (fig. 3; Dravis 1983; Dill et al. 
1986; Aalto and Shapiro 1991; Riding et al. 1991; Shapiro 1991) challenges the 
universal application of the restricted-intertidal environment model to post-Proterozoic 
fossil columnar stromatolites. 
Stromatolites as Biostratigraphic Markers 
Stromatolites have been used in biostratigraphy for many years. Initial attempts 
involved Proterozoic rocks of the Soviet Union which have been subdivided 
stratigraphically based upon complexity of stromatolite assemblages (Raaben 1969). 
Subsequently, distinctive stromatolite assemblages have been noted on other continents 
(Walter 1972; Preiss 1976; Liang et al. 1985; see Hofmann 1987 for an overview). In 
addition, due to the often widespread nature of stromatolite horizons, they also have 
been utilized as marker beds for intrabasinal correlation (e.g., Fenton and Fenton 1937; 
Rezak 1957; Donaldson 1963; Hoffman 1967, 1968; Bertrand-Sarfati and Trompette 
11 
1976; Serebryak:ov 1976; see Hofmann 1973 for a review). 
Duration of the Stromatolite Horizon 
Determination of the growth rate of ancient marine organisms such as 
stromatoporoids and corals may provide information on topics as diverse as 
sedimentation rates and the Earth's past rate of rotation (Wells 1963; Scrutton 1964; 
Meyer 1981 ). Difficulties associated with such endeavors include the identification of 
discrete and unambiguous growth bands (Mohr 197 5, Pannell a 197 5) and determination 
of the forcing factors involved. In other words, do the growth bands reflect daily, 
seasonal, tidal, or some other cycle (Mohr 1975, Vanyo and Awramik 1985)? 
Stromatolites are not skeletal remains; rather, " ... they are organosedimentary 
structures that are produced by sediment trapping, binding and/or precipitation as a 
result of the growth and metabolic activity of microorganisms, principally cyanophytes" 
(Awramik and Margulis, cited in Walter 1976a: 1). The characteristic laminae of 
stromatolites are the result of breaks in accretion, which may be due to variation in the 
sediment supply (e.g., tidal- or storm-influenced) or growth of the microorganisms (e.g., 
seasonal or day/night cycles). "The recording of astronomical-geophysical data by 
stromatolites depends on how well the lamina formation process by microbes can 
respond to controlling external stimuli and how little the first-order laminae have been 
altered by secondary processes" (Vanyo and Awramik 1985: 126). 
Attempts to interpret the rhythmicity of laminae in stromatolites are fraught with 
hazards. Hofmann (1973:356) provided numerous caveats to be considered when 
attempting to extract growth-rate information from stromatolites and concluded, "As 
yet, the significance of the layering and its period have not been ascertained 
satisfactorily for fossils specimens." For example, the individual laminae may reflect 
twice daily, daily, lunar, seasonal, or yearly rhythrnicities. Alternatively, they may be 
due to storm events or sunspot cycles. 
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METHODS 
Location of Study Areas 
The study areas are in the Wellsville Mountains (six locations), the Bear River 
Range ( one location), and the Promontory Range ( one location). The locations in the 
Wellsville Mountains are in the Brigham City, Cove Fort, and Mantua USGS 7.5 minute 
quadrangle maps (see fig. 1 for general locations). The reconnaissance location in the 
Promontory Range is in the USGS Promontory 7.5 minute quadrangle. The location in 
the Bear River Range is in the Naomi Peak 7.5 minute quadrangle. Clarkston Mountain 
reconnaissance location is in the USGS Portage 7 .5 minute quadrangle (Idaho). 
A generalized stratigraphic section of the Langston, Ute, and Blacksmith 
Formations is presented in figure 2. 
Wellsville Mountains.--Six sites were used in the Wellsville Mountains. These 
are as follows (listed north to south): 
1. Donation Canyon. This canyon has easy access and has an entire
exposure of Ute Formation. The location of this site is on the USGS
Brigham City 7.5 minute quadrangle (NWl/4, NE 1/4, Sec. 14, TlON,
R2W).
2. Miners Hollow. This canyon is the next canyon south of Donation
Canyon and also has a similar exposure of the Ute. The formation is
farther up the canyon and requires some additional hiking. The location
of this site on the USGS Brigham City 7.5 minute quadrangle (NWl/4,
14 
SWl/4, Sec. 14, TlON, R2W). 
3. Cataract Canyon. This canyon is more rugged and requires additional
climbing to reach the site. To reach the Ute Formation, one must
proceed through much of the Geertsen Canyon Formation and the entire
Langston Formation. The location of this site is on the USGS Brigham
City 7.5 minute quadrangle (NW 1/4 of the SW 1/4, Sec. 13, TlON,
R2W).
4. Dry Canyon. This has very easy access by an old mining road, but little
exposure. However, it did yield the best-preserved stromatolite of the
collection. This site is approximately 1 to 1.5 km from the local
highway. This site is on the USGS Brigham City 7.5 minute quadrangle
(SE 1/4 of the SW 1/4, Sec. 25, TlON, R2W).
5. Antimony Canyon. This canyon requires a walk of 2 to 3 kilometers. It
is on the same old mining road that leads past the Dry Canyon site. The
site is very near the old Copper Blossom mine (shown on the 1979
USGS map). This site is on the USGS Brigham City 7 .5 minute
quadrangle (NE 1/4 of the NE 1/4, Sec. 36, TlON, R2W).
6. Mantua Site. This site is northwest of Mantua, Utah. Measurements
begin approximately 77.7 meters above the drainage floor of Big Hollow,
where it meets Jepsen Valley. This site is on the USGS Mt. Pisgah 7.5
minute quadrangle (NEl/4, NWl/4, Sec. 21, T9N, RlW).
Other sites visited but not measured in detail are as follows: 
Bear River Range.--This site is in High Creek approximately 3.5 km above the 
Girl Scouts of America camp. The site is on the USGS Naomi Peak 7.5 minute 
quadrangle (SWl/4, NWl/4, Sec. 2, Tl4N, R41E). 
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Promontory Mountains.--This site is on the southernmost end of the range. The 
access here is by unimproved track. The site is on the USGS Promontory 7.5 minute 
quadrangle (�1El/4, SEl/4, Sec. 17, T6N, R5W). 
Clarkston Mountain.--This site is on the west side of Clarkston Mountain in the 
mouth of Gardner Canyon. This site is on the USGS Portage 7.5 minute quadrangle 
(NE 1/4, NW 1/4, Sec. 14, T14N, R3W). 
Field Methods 
Standard field methods were used for sample collecting, sample classification 
and description, section measurement, and field mapping. Site selection was based on 
several factors. The first was accessibility. Accessibility was important for field 
checking and follow-up investigations. Second was exposure. The rock unit under 
investigation must be representative and vertically continuous with respect to the other 
sections that are to be compared. Third, spatial and temporal aspects were determined 
to be of great importance because of the implications for modeling of the 
paleoenvironment and determining stratigraphic parameters and relationships of the Ute 
Formation. 
The nine sites spatially define the study area by providing three-dimensionality 
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to the data through a large areal extent. Outcrops of this unit have an areal extent of 
15,000 km2 , and an east-west distance (after Basin and Range extension) of 52 km. The 
strike varied between N84 °W (Donation Canyon) and N34 °W (Promontory 
Mountains). 
The stratigraphic sections were measured with the standard Jacob Staff and 
Brunton Compass method. Detailed notes were kept in a log book, and photocopied 
regularly for back-up purposes. 
Stromatolites were collected from a few sites at random (depending on 
availability of volunteers). None were collected from the Bear River Range because 
their mound-like structure (up to 2 m in diameter) that made them difficult to collect. 
Sixteen individual stromatolites were collected in the field and brought back to the 
laboratory for further study. Criteria for collection were as follows: 
1. Reasonable size for carrying out (those of 30 kg or less).
2. Quality of preservation of laminae, structurally intact (not heavily
fractured), grain content (if discernable in the field), and especially those
which have adjacent sediment still attached to the stromatolite.
3. Has not been dolomitized (dolomitization may possibly reduce preserved
internal structure).
4. Those that have not been appreciably affected by tectonism (shearing,
fracturing, stylolitization, and so forth).
Hand samples were taken at contacts and within each of the generalized subunits 
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(e.g., shale-mudstone, lime mudstone, etc.). See Appendix A for complete descriptions 
of units and section measurements and Appendix C for stratigraphic columns. 
Exposure quality of the stromatolites varied from site to site. The ideal situation 
is when the stromatolites have good relief from the surrounding rock unit. Locally this 
yielded stromatolites that were easily removed from the surrounding matrix, thus freeing 
the stromatolite as a whole unit. Other sites were not so good and freeing the 
stromatolite was impossible because the physical characteristics of the stromatolite was 
indistinguishable from the matrix which held it. 
In describing the upward-shallowing sequences, contacts were closely observed 
and described. A check list was made to categorically place all observations within a 
framework so that the time used to measure a section was minimized. All lithologies 
were described in the field and identified according to Folk's ( 1962) classification and 
later described with Dunham's ( 1962) classification for clarification and comparison. 
Laboratory Methods 
Thin-section studies. --Carbonate grain differentiation was determined by 
staining the specimen with Alizarine red-S and potassium ferricyanide as outlined by 
Friedman (1971). Staining also revealed other carbonates as well. For example, Fe-rich 
dolomite stains blue, whereas dolomite takes no stain at all unless it is very finely 
crystalline ( or hot). Examinations of fabric and relict grains were also done under 
diffused light (as recommended by Delgado 1977; Ziegler 1979; Folk 1987). What 
proved to be most useful was just a plain piece of white paper secured between two 
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glass slides and placed beneath the thin section to be examined. 
Rarefaction curves determined that a minimum of 150 points per slide were 
adequate to obtain the required results for statistical reproducibility of the collected data. 
Therefore, 175 to 200 points was the range for most of the point counts. 
Thin sections were made, and then examined under a polarizing microscope 
(with both polarized and nonpolarized light). The thin sections were prepared by 
cutting the hand sample to a 2cm x 2cm x 1 cm billet. One side was polished on a 
lapidary wheel and hand finished using #600 corundum grit and a glass plate. The billet 
was then mounted on a glass slide with epoxy resin and air cured for 48 to 72 hours. 
The sample was cut and then ground on the thin-section machine and hand finished on a 
glass plate to the quartz refractive index indicative of a section thickness of near 0.030 
mm. The specimens were stained, then coated with polyurethane to obtain the final
optic qualities (no glass cover plate was used on any specimen). The slides were then 
point-counted and described. For a complete description of the thin sections, see 
Appendix B. 
Insoluble-residue analyses.--Hand samples were collected that included various 
lithologies, primarily carbonates, at or within a meter of the large-columnar stromatolite 
horizon. Insoluble residues were prepared by weighing a small fragment (approximately 
1cm x 1cm x 0.5 cm) of rock, crushing the rock to pass a 100 mesh screen and placing 
this crushed rock into 10% solution of hydrochloric acid. After 24 hours the solution 
was refreshed with more acid until no further reaction occurred. The sample was then 
rinsed several times and the liquid was drawn through a fine filter paper via vacuum. 
The filter paper and remaining sample were then air-dried. The original weight of the 
specimen was compared to the final carbonate-free weight. The ratio is reported as 
percent insoluble material. 
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Stromatolite preparation.--The goal was to constrain the duration of the 
stromatolite horizon within certain probable boundaries. To this end, columnar 
stromatolites from the Wellsville Mountains localities were vertically slabbed, polished, 
and coated with clear acrylic. Stromatolites were placed in the saw vise, with the long 
axis on the stromatolite parallel with the saw blade, and cut vertically. The 
stromatolites were polished with a #600 corundum grit on glass plates, which is very 
time consuming, but gives a near mirror polish. Laminae thicknesses were measured 
under a binocular microscope with an ocular micrometer. Each individual stromatolite 
was placed in a sand box. This permitted proper orientation of the stromatolite for ease 
of laminae counting and measuring without losing place of the last lamina counted. The 
sand box also facilitated the means of keeping the polished stromatolite surface on the 
same plane as the focal length of the ocular microscope, thus keeping the microscope 
focused regardless of position. A few acetate peels were constructed and negative peels 
enlarged photographically, but the results were not useful. Direct observation by means 
of an ocular microscope turned out to be the best method of study. Plots of lamina­
thickness versus sequential lamina number or sequence were used to identify cyclic 
patterns in accumulation (Williams 1989). 
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Many of the stromatolites were heavily bioeroded; this, in addition to diagenetic 
phenomena, such as stylolitization, rendered the majority of specimens unsuitable for 
analysis of periodicity of lamination. Other workers have frequently observed that the 
majority of the laminae are not well defined (e.g., Pannella 1976; Vanyo and Awramik 
1985). 
RESULTS 
Lithologic Descriptions 
The principal lithologies of the Ute Formation are oolitic and oncolitic 
limestones (packstones to grainstones), peloidal lime mudstones (mudstones to 
wackestones), silty limestones, and quartzose, silty shales (Table 1). Conspicuously 
lacking are features (laminar stromatolites, mudcracks, evaporite casts, birdseye 
structures, crackle dolomite) that might indicate supralittoral or restricted, hypersaline 
environments. Such features are common in the overlying Blacksmith Formation, 
which represents a further shallowing, following Ute deposition. 
21 
Silty limestones.--The most distinctive rocks of the Ute Formation are the silty 
limestones. These consist of alternating lime mudstones to wackestones and thin, wavy, 
silty (quartz) laminae, which are often dolomitic. The limestones are typically 1-2 cm 
or more thick, whereas the silty laminae are 1-2 mm thick. The limestones are finely 
crystalline and largely pelletal. Siliceous sponge spicules are also present. Both layers 
are dark to medium gray when fresh. The limestone layers are medium to light gray 
when weathered, whereas the silty layers weather in relief and are bright orange. With 
weathering, the silty layers stain the surrounding rock, so that the silty laminae appear 
thicker than they actually are. Insoluble-residue analysis of these rocks indicates 
average insoluble amounts of 22% by weight (High Creek Canyon and Miners Hollow 
sections; Deputy 1984), with no clear geographic trends in content. 
Table I. A summary of a "Lypical" upward shallowing sequence wilh comparisons of environment of deposilion 
and lithologies. 
Environment of Deposition 
Back Shoal Muds 
Ooid Shoal 
Oncoidal Fore Shoal 
Peritidal or Ramp Mixed Muds 
Off-shore Terrigenous Muds 
Lilhology (Folk / Dunham) 
Micrite/Mudstone. 
Oomicrite-oosparite / Ooid Grainstone. 
Oncomicrite-oncosparite / Oncopackstone. 
Silty Limestone (alternating Muds ls/silt), 
Micrite / Mudstone; Claystone / Siltstone, 
Claystone / Mudstone; Siltstone. 
Shale (Unconformable contact with lower unit). 
N 
N 
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These rocks probably represent deposition near, but below fair-weather wave base and 
basinward of any carbonate shoals. The silty, quartzose laminae may represent the 
effects of storms. 
Oolitic and oncolitic limestones.--These range from packstones to grainstones. 
Peloids may be present with the ooids. Cross-stratification and small-scale internal 
channels are often present, as is a mottled appearance. Cross-strata are typically 
inclined to the northwest, although southeast orientations also exist. Colors on fresh 
surfaces are dark to medium gray, whereas weathered surfaces are medium to light gray. 
Occasionally, ooids are hematite-stained and reddish in color. Ooids range from 0.1-2.0 
mm in size. Silty laminae are only rarely present in this lithotype. Insoluble-residue 
analysis of these rocks indicates 3% average insoluble amounts by weight (Miners 
Hollow, Deputy 1984 ). Oncoid-bearing limestones (Girvanella, Maxey 1958) are 
volumetrically less important than the oolitic rocks. Oolitic limestones are most 
abundant in the western and northern (e.g., Donation Canyon) exposures of the Ute. 
These represent deposition under turbulent, shallow, subtidal conditions. Only rarely 
does evidence for subaerial exposure occur in this lithotype. 
Lime mudstones.--These vary from mudstones to wackestones. They are 
generally similar to the silty limestones described above, but lack the silty laminae and 
are more massive. These limestones are much less common than the other lithotypes in 
the Ute Formation. Based on the general lack of terrigenous materials and the fine grain 
size, some of these limestones may have been deposited within the peritidal platform 
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behind an ooid shoal. 
Silty shales.--On fresh surfaces, the silty shales are usually green in color ( olive 
brown to olive gray), although sometimes dark gray. With weathering they become 
orange to rusty red in color. The shales are often very silty and micaceous. The green 
and dark gray colors of the shales, generally well-preserved laminae, and relatively 
sparse biota (compared to shales of the underlying Langston Formation) may indicate 
dysaerobic conditions (Osleger and Read 1991), although trilobites are occasionally 
found in the shales and some bedding surfaces are covered with abundant horizontal 
trails. These shales were probably deposited in an intrashelf basin location below storm 
wave base. 
Contacts.--The silty shales typically sharply overlie oolitic and/or oncolitic 
limestones. The shales then grade upward into silty lime mudstones that, in turn, grade 
upward into oolitic grainstones. Where oolitic grainstones overlie shales, contacts are 
sharp. When present, the lime mudstones are usually associated with the grainstones, 
but not with the other lithotypes. 
Stratigraphy 
The Middle Cambrian Ute Formation comprises some 200 m of cyclically 
deposited and predominantly subtidal carbonates and silty shales. The formation is 
widespread, with outcrops scattered through 15,000 km2 in the northern Utah and 
southern Idaho portions of the eastern Great Basin (Williams 1948; Maxey 1958; Stokes 
1986; Oriel and Platt 1980; fig. 1). 
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The contact between the Ute and underlying Langston Formation is sharp, with 
Ute shales overlying cryptalgal-laminated dolostones of the High Creek Limestone 
member of the Langston. Overall, the Ute Formation exhibits an upward-shallowing 
trend from the predominantly fine-grained shales and carbonates (Spence Member) of 
the underlying Langston Formation, and contains abundant oncolitic and oolitic 
limestones that often show well-developed cross-stratification (fig. 2). The Ute is 
conforrnably overlain by the Blacksmith Formation, which consists of extensive, often 
dolomitic, peritidal deposits, including cross-stratified ooid sands and cryptalgal­
larninated deposits, which are indicative of further shallowing after Ute deposition. 
Deiss (1938) modified Walcott's (1908) definition of the Ute Formation and 
utilized the Blacksmith Fork Canyon section as his type locality. As the present study 
focuses upon paleoecology of the stromatolites in the Ute Formation, greatest emphasis 
is placed upon the Wellsville Mountain exposures of the Ute Formation as these contain 
the best-developed stromatolite biostromes. 
At Cataract Canyon, in the Wellsville Mountains, the Ute Formation is 184 m 
thick (fig. 4). The contact between the Ute Formation and the underlying Langston 
Formation is indicated by a green shale that overlies dolomitic and often cryptalgal­
laminated rock of the upper Langston Formation. This shale marks the base of the first 
of several (eight to nine) meter-scale shallowing-upward packages, which characterize 
the Ute Formation. 
An idealized short-term cycle is some 10-20 m thick, and consists of a basal silty 
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shale, which unconformably overlies an oolitic limestone. This shale is overlain by a 
silty limestone (composed of lime mudstones with terrigenous stringers), which is, in 
tum, capped by an oolitic grainstone. Transitions upward between the shale, silty 
limestone, and oolitic limestone are often gradational. Of course, considerable variation 
in cycles occurs. Furthermore, the cycles become considerably thicker upsection (fig. 
4). 
The cycles are interpreted to represent rapid flooding due to rise in sea level, 
followed by shallowing and progradation of the carbonates during sea-level fall. Cycles 
are predominantly subtidal, rarely shallowing into intertidal depth or developing 
exposure surfaces. These cycles have been correlated through some 25 km of 
depositional strike (Donation Canyon to Mantua, Wellsville Mountains) and across 
some 50 km of approximate depositional dip (Donation Canyon, Wellsville to High 
Creek Canyon, Bear River Range) (Appendix C). 
As one proceeds from west to east on the Willard Thrust Sheet, a pattern of 
increasing terrigenous content is observed in the Ute Formation. The Promontory 
Mountains section contains very little silt or shale as compared to those of the 
Wellsville Mountains. In the Bear River Range at High Creek, the shales are much 
thicker and the silty fraction of the carbonate rocks is also greatly increased. Variation 
in thickness of the Ute Formation ranges from approximately 175 m in the southern part 
of the study area (Mantua) to approximately 200 m in the eastern part of the study area 
(High Creek). The thickening of the Ute Formation to the north and the east is 
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presumably due to increased addition of terrigenous material. The terrigenous material 
also becomes more coarse as one trends eastward. This can be seen in the field and 
is shown in the measured section (Appendix A for written descriptions, Appendix C for 
graphic representations). These data suggest that the source area for the terrigenous 
materials is to the east, and is further supported by work done by Palmer (1971, 1974). 
[That the terrigenous material becomes finer, but thicker to the north, suggests that there 
is perhaps also a source area towards the north, although it may be more distant than the 
eastern source (Oaks et al. 1977).) To the west, exposures of the Ute Formation in the 
Promontory Mountains have facies typical of a continental slope margin. The 
Formation lacks abundant oolitic shoals, has less terrigenous sediment, and has fewer 
well-defined packages that could be interpreted as shallowing-upward. Interpretation of 
the Ute Formation sections in the Promontory Mountains is complicated by numerous 
tectonic-thrusting events and faulting as well as the presence of Tertiary-age igneous 
intrusions, which are not present in the Wellsville Mountains or in the Bear River Range 
to the east. Appendix C gives a detailed stratigraphic correlation of the study area. 
Results of Insoluble Residue Analyses 
The insoluble residue analyses (Table 2) show that many of the carbonate 
samples have an elevated percentage of terrigenous material. Shales and siltstones have 
a very small percentage of the (soluble) carbonate grain component, whereas the 
carbonate samples vary greatly in their silt content. Carbonate rocks that correspond 
Table 2. Insoluble residue anal
i'.
ses.
Cup Wt. Sample Wt. Tot. Start Wt.2 Tot. Final Wt.3 Filtered Wt.4 Filter Paper Wt. Insol. Wt.
5 
Sample ID
1 
(gm) (gm) (gm) (gm) (gm) (gm) (gm) % Insol. 
A-5 14.48 7.76 22.24 20.85 6.37 0.38 5.99 77 
A-7 14.73 12.96 27.69 27.04 12.31 0.37 11.94 92 
C-3 14.20 9.00 23.20 16.16 1.96 0.36 1.6 18 
C-6 14.66 12.93 27.59 21.89 7.33 0.79 6.44 50 
C-8 14.22 7.81 22.03 16.62 2.40 0.79 1.61 21 
D-1 14.27 11.53 25.80 19.15 4.88 0.82 4.06 35 
D-8 14.34 28.32 42.66 17.45 3.11 0.36 2.75 10 
DO-3 14.55 19.61 34.16 21.16 6.61 0.37 6.24 32 
DO-4 14.20 15.63 29.83 19.67 5.47 0.35 5.12 33 
DO-5 14.27 14.28 28.55 19.29 5.02 0.36 4.66 33 
M-1 14.39 7.13 21.52 16.61 2.22 0.35 1.87 26 
M-2 14.30 9.94 24.24 15.63 1.33 0.37 .96 10 
M-10 14.44 7.77 22.21 19.63 5.19 0.82 4.37 56 
MI-2A 14.41 47.23 61.64 22.37 7.96 0.82 7.14 15 
MI-3A 14.51 15.50 30.01 18.67 4.16 0.81 3.35 22 
1 Hand samples (collection point is indicated in the Description of Measured Sections in Appendix A). 
2 Tot. Start wt. = weight of sample+cup. 
3 Tot. Final wt. = weight of residue+cup+filter paper. 
4 Filter wt. = weight of residue+filter paper. 
5 Weight of insoluble residue only. 
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with the more deeper-water portion of the depositional environment contain much more 
terrigenous material than do those from inferred the shallow-water settings. As a result 
of shallowing upward, a smaller percentage of terrigenous material is supplied to the 
environment in the form of silt. This is also recorded within the stromatolites 
themselves. As the depositional setting for the stromatolites become increasingly 
deeper, the darker laminae, interpreted as the day-time trapping of sediment, become 
thicker. See Table 2 for details. 
Depositional Setting of Stromatolites 
The Ute Formation was deposited in intrashelf basin and peritidal platform 
settings. The columnar stromatolites are thought to have developed just basin ward of an 
ooid shoal (fig. 5), similar to the position inferred for stromatolites from the Upper 
Cambrian Richland Formation of Pennsylvania by Moshier (1986). 
Most invertebrate macrofossils associated with the stromatolites in the Ute 
Formation are highly comminuted. Fragments within the carbonate units are chiefly 
trilobites and echinoderms, thus suggesting high-energy, normal-marine conditions. 
These rocks alternate with quiet-water deposits, such as silty lime mudstones and 
quartzose siltstones and shales (fig. 6). The shales occasionally contain well-preserved 
trilobites. 
Distribution of Stromatolites 
The largest stromatolites form a single, laterally extensive biostrome located 
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Figure 6. Field sketch of stromatolite sequence in the Ute Formation at Cataract 
Canyon, Wellsville Mountains. Vertical extent shown is approximately 8 m. Lithologic 
symbols are similar to those of figure 2. 
approximately 115-135 m above the base of the Ute Formation (fig. 7 and 8) in each 
measured section (fig. 4 and Appendix C). The following description applies to the 
Wellsville Mountains localities, although a similar section is present at the other sites. 
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The lowest two of the three stromatolite horizons were initially established upon 
eroded oolitic and oncolitic grainstone. Directly attached to the lower diastem surface 
are small, 15-20 cm tall, and 6 to 8 cm in diameter, columnar stromatolites, which are 
typically surrounded and covered by silty limestones that are capped by oolitic or 
oncolitic limestone. The second horizon of small stromatolites occurs 1-2 m further 
upsection from the first small stromatolite horizon. These small stromatolites are 
separated from a third horizon of larger specimens by approximately 1-2 m of silty 
limestone. 
The upper, large stromatolite horizon contains stromatolites that are 15-30 cm in 
diameter, 100-200 cm in height, and columnar to club shaped. We refrain from calling 
these forms giant stromatolites, due to the contrast with truly giant forms (e.g., domes 
15 to 20m in diameter) in Proterozoic rocks (e.g., Hoffman 1974; Southgate 1989). The 
stromatolite columns are densely packed, rarely branch, and are round to subround to 
oval in transverse section (fig. 9). They frequently show both inclination and flexure to 
the east (Table 3, fig. 7). Despite the large size reached by the stromatolites in the 
Wellsville Mountains, the actual area exposed above the sediment-water interface at any 
one time, the synoptic profile, was probably only 10-20 cm. The laminae are wavy and 
moderately convex-down in longitudinal section. These upper stromatolites are 
Figure 7 (upper). Upper stromatolite horizon in the Ute Formation, Cataract Canyon, 
Wellsville Mountains. 
Figure 8 (lower). Upper stromatolite horizon, Cataract Canyon, Wellsville Mountains. 
Note convex laminae, flexure of stromatolites, and approximate synchronous 
termination of stromatolites. 

Figure 9 (upper). Upper stromatolite horizon, Donation Canyon, Wellsville 
Mountains. Note close packing of stromatolite columns. 
Figure 10 (lower). Upper stromatolite horizon, Donation Canyon, Wellsville 
Mountains. Note limestone with silty laminae filling gaps between stromatolites. 

Table 3. Random measurements on stromatolites taken at the Cataract Canyon site. 
Stromatolite* 2 3 4 5 6 Mean 
Exposure Quality** 5 3 5 3 3 5 4 
Base Diameter (cm) 14 14 9.6 9.2 12 13.5 12 
Length 1 (cm) 40 22.5 46.3 20 42.5 42.5 35.6 
1st Joint Diameter (cm) 17.5 17.5 11.5 15 15 16.3 15.5 
Axial Bearing 110° 100 ° 120 ° 125 ° 150 ° 150° 125.8 ° 
Main Length (cm) 117.5 95 76.3 65 112.5 103.8 95 
2nd Joint Angle 40 ° 40° 10 ° 200 27 ° 31 ° 28 ° 
Max Diameter (cm) 18.3 15 15.5 16.9 12.5 14.5 14.3 
Length 2 (cm) 32.5 27.5 23.8 27.5 31.3 30 28.8 
Angle from Bedding 70 ° 80 ° 86 ° 80 ° 82 ° 85 ° 80.5 ° 
Synoptic Relief (cm) 11 13.5 12 12.5 12 11 12 
* Random stromatolites measured in detail
** l=low, 5=high (used to illustrate the three-dimensionality in weathered outcrop) 
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typically surrounded by and covered with silty limestones (fig. 7), although at one 
locality (Dry Canyon, Wellsville Mountains), they are surrounded by and capped with 
oolitic grainstones. Nearby at Antimony Canyon, Wellsville Mountains, prominent 
channels approximately 1 m in depth and 2-4 m wide are cut into the upper stromatolite 
horizon. These channels are filled with the same silty limestone as that occurring above 
the stromatolite horizon. 
Exposures in the Bear River Range are similar in stratigraphic relation to those 
in the Wellsville Mountains. Stromatolites from the eastern portion of the study area 
(Bear River Range) differ in morphology from those to the west (Wellsville and 
Clarkston Mountains). Stromatolites in the Bear River Range tend to be more mound­
like, less columnar, more isolated, and range from 20-75 cm in diameter and from 25-
100 cm in height. The fact that the stromatolites from the western portion of the study 
area differ morphologically from those to the east suggests that the horizon may be 
isochronous across at least 40 km of depositional dip. The differences in morphology 
can be related to inferred energy regimes, with energy levels being higher to the west. 
This is also supported by greater numbers and thicknesses of ooid beds in the western 
sections. Isochroneity of the stromatolite horizons in the Wellsville Mountains and Bear 
River Range is also suggested by their position within the cyclic sequences ( occurrence 
within the same, penultimate cycle). Biostratigraphic evidence (close association with 
the trilobite Qk.11.Qi.d�. which is restricted to an interval some 30 m thick within the 
formation, (Maxey 1958), also indicates similar ages for the stromatolites at the two 
localities. Finally, Bond et al. (1989) suggested that the transgressive fine-grained 
deposits are essentially coeval across the Cambrian western margin. 
The highly columnar, western stromatolites are inclined to the east-southeast. 
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This is consistent with paleocurrent data from ripple laminations in the silty limestones 
and cross-stratified ooid beds, which also indicate flow coming predominantly from the 
east. Further, Late Proterozoic and Early Cambrian paleocurrent data for the western 
Cordillera also show predominantly east to west flow (Poole et al. 1992). 
The stromatolite horizon has been correlated through a distance of 60 km north 
to south along approximate depositional strike (Maple Creek Canyon, Bear River 
Range, to Mantua, Wellsville Mountains) and of 40 km in an east-west direction along 
approximate dip (High Creek Canyon, Bear River Range to Gardner Canyon, Clarkston 
Mountain; fig. 1), for a total areal distribution of 2,400 km2 • The known distribution of 
the stromatolites may be expanded by further field work.
The columnar stromatolites lie unconformably upon a shallowing-upward cyclic 
sequence. The lowest stromatolite horizons appear to mark the initiation (flooding 
event) of another shallowing-upwards cycle. One difference between this and other 
cycles is the absence of a basal shale. The stromatolites were established directly upon 
an oolitic and oncolitic grainstone and developed concurrently with deposition of silty 
and oolitic limestones, perhaps suggesting a low-magnitude sea level rise associated 
with this particular flooding event. 
In addition to the columnar and mound-like stromatolites, other cyanobacterial 
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structures occur within the Ute Formation. Oncolitic and oolitic grainstones are found 
both above and below the primary layer. Approximately 90 m below the primary 
stromatolite layer, internally structureless mounds, or thrombolites (Aitken 1967), up to 
25-30 cm in height are equally persistent, occurring in most sections. The small
stromatolites became established on an oolitic limestone with an irregular upper surf ace 
and are surrounded by and capped with silty limestones that grade upwards into oolitic 
limestones. Thus, the thrombolites formed in a shallowing-upwards sequence similar to 
that of the large stromatolites. 
Stromatolite Morphology 
Size and shape.--The size of these stromatolites ranges from 0.30-2.1 m in 
height. The shorter size is restricted to two lower stromatolite units (fig. 10). The taller 
specimens are those of main interest and are referred to in this text as the "large 
columnar stromatolites." The diameter of the stromatolites range from 5-22.5 cm (Table 
3), and does not vary greatly in diameter between short or tall stromatolites. The shape 
is generally club shaped and, rarely, upward branching. 
Stromatolite inclination.--Inclination of the stromatolites, with respect to the 
bedding plan, varies dramatically. While some are near-vertical, others show a 
convoluted change in inclination. Some of the change in inclination is may be due to 
tectonism, but most is attributed to the stromatolites' response to paleocurrents. The 
angle varies between 90 ° and 20 °. The average is approximately 10 ° -12 ° at the base 
and 16 ° -22 ° for the mid-height (increase in current strength). The direction of 
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orientation of the stromatolite axis ranges from Nl00°E and N150 °E. 
Stromatolite density or packing.--Pack.ing of stromatolites is quite tight at all 
sites for the main stromatolite horizon. Spacing between these stromatolites ranged 
from nearly 0-0.5 cm, except in channels where erosion has removed the stromatolites 
or where stronger currents prevented the establishment of them. Density was measured 
from center to center and ranges from 10-25.5 cm. Range differences are explained by 
different stromatolite diameters. The packing patterns are much like those of Vienna 
sausages in a tin, very tight (fig. 9). 
Stromatolite synoptic relief--Synoptic relief is the height the stromatolite 
achieves above the substrate. The total length of the stromatolite does not reflect this 
attribute. The synoptic relief is discerned by tracing sediment horizons into the 
stromatolite, where the stromatolite has been cut along with the matrix. The synoptic 
relief ranges from 6-40 cm. The maximum reported is an extreme example, the average 
is approximately 12 cm (Table 3). 
Duration of the Stromatolite Horizon 
The stromatolites exhibit alternating lamination (Monty 1976) in which thicker 
(0.6-1.15 mm), lighter-colored laminae alternate with thinner (0.2-0.8 mm), darker­
colored laminae, possibly reflecting day/night variation in growth and sediment trapping 
(Berry 1968, Logan et al. 1964, Gerdes and Krumbein 1987). Average lamina thickness 
(regardless of type) is 0.5-1.0 mm (Table 4). These first-order laminae exhibit 
periodicity in accumulation rate, with an average period of 10 light/dark couplets (9-12 
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range) occurring between major "spikes" in lamina thickness. Note that gaps occur in 
the record; most frequently, one or more of the thinner, darker laminae are absent from a 
given second-order set (fig. 11 ). These second-order sets may represent lunar­
influenced (tidal) cycles (Pannella 1975). 
The following attempt to constrain the duration of the stromatolite horizon 
requires several assumptions: 1) The first-order laminae sets (alternating light and dark 
laminae) reflect daily (e.g., Monty 1965; Gebelein 1969; Vanyo and Awramik 1985), 
not twice daily (Gebelein and Hoffman 1968), seasonal (McGugan 1967), or yearly 
(Fischer 1964) accumulation. 2) The second-order laminae sets reflect a periodic 
external forcing function, presumably tides, and not some other longer-period function. 
3) The Middle Cambrian (ca. 535 M) year contained some 410-430 days (McGugan
1967; Mazzullo 1971; Kahn and Prompea 1978; Scrutton 1978; Vanyo and Awramik 
1985; Risk et al. 1987). 4) The Middle Cambrian year possessed approximately 13 
synodic months, as determined for the Late Proterozoic (Scrutton 1978; Williams 1989). 
Based on the average thickness of stromatolite laminae (1.43 mm for each 
light/dark couplet) and the estimated duration of the Middle Cambrian year 
(approximately 410 days), stromatolite accumulation rates would average approximately 
60 cm per year. An alternative value can be derived by noting the thicknesses of 
second-order (bimonthly?) cycles (14.3 mm; fig. 11) and, assuming 13 synodic months 
in the Middle Cambrian year, calculating accumulation rates of 37 cm per year. 
Using the accumulation values of 37-60 cm per year determined by the two 
Table 4. Measurements of stromatolite laminae from the Middle Cambrian Ute Formation (means with 95% confidence 
intervals). 
Canyon location Stromatolite Number of laminae Average thickness Average thickness Average thickness 
for stromatolite I.D. measured dark laminae (mm) light laminae (mm) (mm) 
Cataract C-106 280 0.97±0.09 0.83±0.14 1.15±0.18 
Donation DO-100 413 0.73±0.08 0.69±0.11 0.77±0.10 
Dry D-100 556 0.51±0.04 0.22±0.02 0.64±0.04 
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Figure 11. Plot of laminae thickness verses lamina number (sequence) from a portion 
of the record for stromatolite D-100, collected from Dry Canyon, Wellsville Mountains, 
showing cyclicity in accumulation. Note first-order sets of thin, alternating light, and 
dark laminae. Also note second-order sets (average of ten first-order sets). The arrow 
indicates a discontinuity in the record. 
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methods, the main, 2-m thick, stromatolite horizon would appear to have persisted for 
only a few years. This duration for the horizon, of course, assumes that no hiatal 
surfaces occur within the stromatolites, but this is not the case, as small gaps commonly 
occur within the stromatolite records, resulting in the occasional loss of the periodic 
signal (fig. 11 ). Also, calculations based solely on the number of first-order cycles 
would underestimate the number of days in the Cambrian year (410-430; c. f., Scrutton 
1978; Vanyo and Awramik 1985) or days in the Cambrian month (31-32; c. f., Pannella 
et al. 1968) by some 30%. The data, thus, represent minimum times for the duration of 
the deposit. If one assumes that breaks in accumulation occurred and were frequent, the 
duration of the horizon is likely to be on the order of several decades to a few centuries, 
with a probable maximum duration of 103 yr. Inasmuch as the stromatolites formed 
while sediment was deposited around them (evidenced by the incorporation of 
prominent silty stringers in both the stromatolites and the surrounding sediment), their 
growth rates can be used to infer maximum possible sedimentation rates. Values so 
obtained indicate extremely high rates of carbonate sediment accumulation, which may 
have been a consequence of current baffling and sediment trapping by the stromatolites. 
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DISCUSSION 
Depositional Setting 
The Ute Formation was deposited on a broad, passive margin that existed in 
northern Utah during the Middle Cambrian (Bond et al. 1984). By Middle Cambrian 
time, the initial ramp had developed into a platform, with a carbonate belt separating an 
intrashelf basin in the east from slope environments to the west (inner and outer detrital 
belts, respectively; Palmer 1971, 1974). The intrashelf basin was dominated by 
siliciclastics from the east (cratonward) and merged with the carbonate belt to the west. 
The inferred paleoenvironments of the Ute Formation are illustrated in figure 5, 
which is based upon lithologies and vertical facies associations. In this interpretation, 
the silty shales were deposited in an intrashelf basin below storm wave base. Basinal 
depths were probably moderate, several tens of meters to perhaps 100 m maximum, as 
were slopes, as indicated by a general lack of submarine slump features. However, one 
bed of silty limestone, which extends for several tens of km and located approximately 
40 m above the base of the formation, exhibits soft-sediment deformation indicative of 
slumping. The oolitic grainstones were deposited in shallow water and under turbulent 
conditions, perhaps forming shoals. The silty limestones occupied a position 
intermediate between the above two lithotypes, and were probably subject to the effects 
of storms, as suggested by the alternation of terrigenous silts and carbonates. Some of 
the clean lime mudstones were deposited in a back shoal within the interior of the 
carbonate platform, as indicated by the lack of terrigenous material and the fine grain 
size. This depositional model is similar to that developed for the Lower to Middle 
Cambrian Carrara Formation to the southwest of the study area (Palmer and Halley 
1979). 
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The craton has generally been considered to be the source for the terrigenous 
materials in the northern Utah Cambrian section (Deiss 1941; Williams 1948; Maxey 
1958), although some terrigenous sediments also may have been derived from the west 
or northwest (Maxey 1958; Gardiner 1974; Wakeley 1975; Oaks et al. 1977). Increase 
in the amount of silt and fine sands in the Ute Formation High Creek section (fig. 1) and 
paleocurrent data (cross-strata and stromatolite orientations) suggest east-to-west 
transport of terrigenous materials. 
Sequence-Stratigraphic Framework 
The Ute Formation exhibits several orders of sedimentary cyclicity. In addition 
to inclusion within the Cambrian Sauk Sequence (Sloss 1963), the Middle Cambrian 
units of northern Utah, including the Ute, exhibit third-order cycles (Grand Cycles; 
Aitken 1966), consisting of formation-scale shallowing-upward sequences that are 
broadly correlative across the western Cordillera (Bond et al. 1989). The effects of 
relatively short-term events are also displayed in numerous (eight to nine) meter-scale 
shallowing-upward packages within the Ute. According to Algeo and Wilkinson 
( 1988), the expected duration of such meter-scale cycles is on the order of 20-225 k. y. 
The determination of whether or not these short-term cycles reflect autocyclic 
(e.g., Ginsburg 1971; Wilkinson 1982; Cloyd et al. 1990; Hardie et al. 1991) or 
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allocyclic, possibly orbitally forced, control is beyond the scope of this thesis. However, 
the ability to correlate these cycles through several tens of kilometers argues against 
autocyclic control (Osleger and Read 1991). Similarities between these cycles (various 
scales) and those displayed by Cambrian rocks throughout the Rocky Mountains and the 
Appalachians (Aitken 1966; Kepper 1972; Palmer and Halley 1979; Moshier 1986; 
Bond et al. 1988, 1989; Read 1989; Osleger and Read 1991; and others) are striking. 
Stromatolite Paleoecology 
The association of columnar stromatolites with oolitic and oncolitic beds or lime 
conglomerates is pervasive (e.g., Aitken 1967; Hoffman 1967; Serebryakov 1976; 
Haslett 1976; Griffin 1987; Southgate 1989; Sarni and James 1993; and others). 
Southgate ( 1989) described the occurrence of mound and columnar stromatolites in 
Proterozoic-age shallowing-upwards sequences; the stromatolites were initially 
established on hardgrounds developed in oolitic limestones and associated with rapid 
deepening at the beginning of a cycle. Finally, microbial biostromes, including small 
columnar stromatolites, have been implicated as flooding markers in deep-water 
carbonate sequences (Dromart 1992). 
The subtidal and normal-marine setting for the Ute stromatolites and association 
with oolites are somewhat analogous to that of the modem Bahamian columnar 
stromatolites described by Dravis (1983), Dill et al. (1986), and Riding et al. (1991). 
This and other occurrences (e.g., Aitken 1967; Playford et al. 1976; Griffin 1987; 
Dromart 1992) of Phanerozoic columnar stromatolites in subtidal ( even deep-water) 
and/or nonrestricted settings suggest that paleoenvironmental interpretations based on 
the occurrence of columnar stromatolites in post-Proterozoic rocks must be carefully 
evaluated. 
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The highly columnar stromatolites from the Wellsville Mountains are inclined to 
the east, suggesting predominantly westerly flow. Stromatolites in modem Shark Bay 
(Hofmann 1973) and Bahamian settings (Shapiro 1991) are also inclined into the 
prevailing currents and several examples of currentward inclination are documented 
from Proterozoic stromatolite occurrences (Hoffman 1976b; Cecile and Campbell 1978; 
Grotzinger 1986; Sarni and James 1993). 
Differences in stromatolite morphology between western and eastern sites 
suggest differences in energy levels across the study area. The taller and more columnar 
stromatolites from western localities presumably reflect higher energy levels in the west. 
This interpretation is further supported by the geographic distribution of ooid beds, 
which are more abundant in the western exposures. This morphological interpretation is 
consistent with the distribution of Shark Bay stromatolite morphotypes relative to 
energy levels (Hoffman 1976a) and with changes in stromatolite morphology in 
shallowing-upwards sequences (Southgate 1989; Sarni and James 1993). 
Duration of the Stromatolite Horizon 
The stromatolite accumulation rates determined by this study are consistent with 
those of previous workers. Vanyo and Awramik (1985) documented rates of 8.7 cm per 
year for the stromatolite Anabaria juvensis, from the 850 Ma Bitter Springs Formation 
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of Australia. Their value was based on counts of laminae ( 435 per year) and thickness 
of an annual sine wave in growth orientation due to solar tracking during growth of the 
cyanophytes. An additional specimen of Inzeria in.ilia yielded accumulation rates of 45 
cm per year. 
Gebelein (1969) determined accumulation rates of 1.0 mm per day for modem 
subtidal stromatolites from Bermuda, whereas Monty ( 1965) documented rates of 
lamina production of up to 0.6 mm during a 24-hour period for stromatolites in the 
Bahamas, although he noted that accumulation was discontinuous. Aalto and Shapiro 
(1991) obtained 14C dates of 3,710 ± 90 y.b.p. from the base of a 33-cm tall, club-shaped 
stromatolite at 6.7 m depth off Lee Stocking Island, the Bahamas. This stromatolite was 
initiated upon a Holocene hardground and the date is consistent with establishment of 
the stromatolite in very shallow water as the Bahamian platform was flooded during the 
Holocene transgression. This date suggests that other, larger (e.g., 2m tall, fig.3) 
specimens at this locality have only required a few thousand years to form, despite the 
fact that these stromatolites have been frequently buried by shifting oolitic sands and 
were, probably, quiescent for at least part of that time. 
On the other hand, the famous modem stromatolites of Shark Bay appear to be 
in a state of equilibrium, with growth balanced by erosion and limited vertically by 
intertidal exposure (Playford and Cockbain 1976). Also, Playford et al. (1976) 
concluded, based on conodont biozones, that deep-water (> 100m) columnar 
stromatolites from the Devonian of the Canning Basin grew at rates of 0.002 mm/year, 
50 
thus requiring several hundred thousand years to achieve heights of 1 m. 
Although the interpretation of the significance of higher-order sets is 
controversial (Hofmann 1973; Panella 1976), it is of interest to note that McGugan 
(1967) found second-order sets of 9-12 laminae and third-order sets of 400-420 laminae 
in stromatolites from the Upper Cambrian in the Rocky Mountains. Further, Panella et 
al. (1968) derived a value of 31.65 ± 3.15 days for the synodic month in the Late 
Cambrian based on analysis of stromatolite laminae from Maryland specimens. 
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CONCLUSIONS 
The Middle Cambrian Ute Formation includes some 200 m of cyclically 
alternating silty shales, silty lime mud- to wackestones and oolitic pack- to grainstones, 
which were deposited in basinal and peritidal platform settings. These are arranged in 
eight to nine meter-scale, shallowing-upwards packages. Cycles are predominantly 
subtidal, rarely shallowing into intertidal depths or developing exposure surfaces. An 
idealized cycle is 10-20 m thick, and consists of a basal silty shale that sharply overlies 
an oolitic limestone. The upper surface of the limestone may resemble a hardground, 
and it and the lower few centimeters of the overlying shale may contain dense 
concentrations of well-sorted trilobite cranidia or other skeletal elements. This shale is 
overlain by a silty limestone (composed of lime mudstones with terrigenous silty 
stringers), which is, in tum, capped by oolitic grainstones. Transitions upward between 
the shale, silty limestone, and oncolitic/oolitic limestones are generally gradational. The 
cycles are interpreted to be the result of marine flooding, followed by shallowing and 
progradation of the carbonates during sea-level fall. These cycles have been correlated 
some 25 km along depositional strike and some 50 km across approximate depositional 
dip. 
One such cycle includes two to three stromatolite biostromes (two small and one 
large), with the large biostrome being widely distributed in northern Utah and southern 
Idaho. The stromatolites were apparently established on a flooding surface located just 
basinward of an ooid shoal, under normal marine conditions. This is similar to the 
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position inferred for stromatolites from the Upper Cambrian Richland Formation of 
Pennsylvania by Moshier ( 1986). The subtidal and normal marine setting for the Ute 
stromatolites and association with oolites is somewhat analogous to that of the modern 
Bahamian columnar stromatolites described by Dravis (1983), Dill et al. (1986), and 
others. This and other ancient occurrences (e.g., Aitken 1967; Playford et al. 1976; 
Griffin 1987; Southgate 1989; Dromart 1992; Sarni and James 1993; and others) of 
Phanerozoic columnar stromatolites in subtidal (even deep-water) and/or nonrestricted 
settings suggest that paleoenvironmental interpretations based on the occurrence of 
columnar stromatolites in post-Proterozoic rocks must be carefully evaluated. 
Stromatolites range from mound-like to club-shaped to columnar and reach up 
to 2+ m in height. The stromatolites show flexure to the east, which is consistent with 
other paleocurrent data. Further, stromatolites in eastern outcrops are smaller and more 
mound-like while those in the western outcrops are larger and more columnar, 
suggesting decreasing energy levels to the east. This is consistent with the distributions 
of ooid beds across the study area. Thus, stromatolites contribute to the understanding 
of the paleogeography of the study area during the Middle Cambrian by providing 
information on relative energy levels and flow directions. 
Preserved stromatolite laminae exhibit first-order patterns of alternating light 
and dark bands that are grouped into larger, second-order sets consisting of 9-12 first­
order pairings. Although interpretations of stromatolite laminae are controversial, 
attributing the first- and second-order sets of laminae to daily and bimonthly (lunar) 
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periodicities enables estimation of growth rates that are consistent with other ancient 
occurrences and, also, modern Bahamian forms. This suggests that the biostromal 
structure was developed in a relatively short time (102-103 y). The biostrome's position 
in the sequence of cycles and the changes in stromatolite morphology from eastern to 
western exposures noted above suggest that it may be essentially isochronous across its 
outcrop area and, thus, may be considered a bioevent horizon. The widespread nature of 
this and other Proterozoic and Cambrian stromatolite biostromes indicates considerable 
utility for stratigraphic correlation. 
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MEASURED SECTION: ANTIMONY CANYON. 
Measurements start on the south facing side of the canyon, adjacent to the broken down 
building. The first is in dolostone of the Langston Formation. This site is affected by 
many faults associated with thrusting, etc. Strike and Dip N 67 °W, 23 °E. (See USGS 
Brigham City 7.5 Minute Quadrangle Map [NE 1/4, NE 1/4, Sec. 36]). Sample numbers 
indicated by [ ] . 
Langston Formation 
1. Dolostone. Thickness 53.4m. Finely recrystallized. Dark grey in color.
Contact is sharp.
Ute Formation 
2. Shale. Thickness 5.2m. "Spence-like" shale. Green in color. Moderate
fissility. Horizontal burrows. Trilobite fragments. Grades rapidly into
over lying unit. Conformable upper contact.
3. Oncolitic packstone. Thickness 0.6m. Well round and well-sorted
oncoids. Some oncoids have hematite staining. Light to moderate grey
in color. Grain supported. Some mud present.
4. Shale. Thickness 1.8m. "Spence-like" shale. Green in color. Moderate
fissility. Horizontal burrows. Trilobite fragments. Grades rapidly into
over lying unit. Unconformable upper contact.
5. Oolitic grainstone. Thickness 3.7m. Bedded ooids. Some what sorted
(per bed) to mixed sized ooids. Round to sub-round, grey in color. Very
minor micrite.
6. Fossiliferous lime mudstone. Thickness 0.9m. Very coarse grained
fossil fragments. Light to moderate grey in color. Conformable upper
contact.
7. Silty limestone. Thickness 4.38m. Very fine-grained limestone with
interbedded silty layers. Silt is red in color, limestone is light grey in
color. Conformable upper contact.
8. Oolitic grainstone. Thickness 1.8m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round, grey in color. Very
67 
minor micrite. 
9. Fossiliferous lime mudstone. Thickness 0.8m. Very coarse grain fossil
fragments. Light to moderate grey in color. Conformable upper contact.
10. Shale . Thickness 1.8m. "Spence-like" shale. Green in color. Moderate
fissility. Horizontal burrows. Trilobite fragments. Grades rapidly into
overlying unit. Conformable upper contact.
11. Silty lime mudstone. Thickness 1.5m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
12. Oolitic packstone. Thickness 2.lm. Poorly sorted ooids, mixed with
fossil fragments. Muddy in part. Poorly bedded. Gradational upper
contact.
13. Silty lime mudstone. Thickness 1.2m. Interbedded silty layers. Mud
supported ooids. Silt is red in color, limestone is light grey in color.
Conformable upper contact.
14. Cover. Thickness 4.1 m.
15. Shale. Thickness 2.2m. "Spence-like" shale. Green in color. Moderate
fissility. Horizontal burrows. Trilobite fragments. Grades rapidly into
over lying unit. Conformable upper contact.
16. Silty lime mudstone. Thickness 4.9m. Very fine-grained limestone with
interbedded silty layers. Mud supported ooids. Silt is red in color,
limestone is light grey in color. Conformable upper contact.
17. Fossiliferous lime mudstone. Thickness 0.6m. Very coarse grained
fossil fragments. Light to moderate grey in color. Conformable upper
contact.
18. Oncolitic packstone. Thickness 0.3m. Well rounded, sorted oncoids.
Moderate dark grey limestone. Unconformable upper contact.
19. Silty lime mudstone. Thickness 9.5m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Ooids present.
Conformable upper contact.
20. Fossiliferous lime mudstone. Thickness 1.2m. Very coarse grained
fossil fragments. Light to moderate grey in color. Conformable upper 
contact. 
21. Silty lime mudstone. Thickness 4.5m. Interbedded silty layers. Ooids
present. Silt is red in color, limestone is light grey in color.
Unconformable upper contact.
22. Shale. Thickness 2.2m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into overlying unit.
Conformable upper contact.
23. Silty lime mudstone. Thickness 6.4m. Interbedded silty layers. Ooids
present. Silt is red in color, limestone is light grey in color.
Unconformable upper contact.
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24. Shale. Thickness 2.2m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into overlying unit.
Conformable upper contact.
25. Silty lime mudstone. Thickness 6.4m. Interbedded silty layers. Ooids
present. Silt is red in color, limestone is light grey in color.
Conformable upper contact.
26. Shale. Thickness 1.5m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into over lying unit.
Conformable upper contact.
27. Silty lime mudstone. Thickness 3.4m. Very fine-grained limestone with
interbedded silty layers. Mud supported ooids. Silt is red in color,
limestone is light grey in color. Conformable upper contact.
28. Oolitic grainstone. Thickness 0.6m. Bedded ooids. Some what sorted
(per bed) to mixed sized ooids. Round to sub-round. Grey in color.
Gradational upper contact.
29. Silty lime mudstone. Thickness 0.3m. Very fine-grained limestone with
interbedded silty layers. Ooids present. Silt is red in color, limestone is
light grey in color. Conformable upper contact.
30. Cover. Thickness 4.9m.
31. Lime mudstone. Thickness 9.2m. Very fine-grained limestone. Trace of
fossil fragments. Massive. Light grey in color. Unconformable upper 
contact. 
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32. Shale. Thickness 9.9m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into overlying unit.
Unconformable upper contact. [A-5)
33. Silty lime mudstone. Thickness 0.6m. Very fine-grained limestone with
interbedded silty layers. Ooids present. Silt is red in color, limestone is
light grey in color. Unconformable upper contact.
34. Oolitic grainstone. Thickness 1.9m. Thinly bedded ooids. Somewhat
sorted (per bed) to mixed sized ooids. Round to sub-round, grey in color.
Gradational upper contact.
35. Silty lime mudstone. Thickness 1.4m. Very fine-grained limestone with
interbedded silty layers. Silt is red in color, limestone is light grey in
color. Unconformable upper contact.
36. Algal boundstone. Thickness 1.2m. Moderate size stromatolites.
Average height is 1.0. Established in and capped by silty lime mudstone.
Conformable upper contact. [A-9)
37. Silty lime mudstone. Thickness 1. lm. Interbedded silty layers. Ooids
present. Silt is red in color, limestone is light grey in color.
Unconformable upper contact.
38. Oolitic grainstone. Thickness 0.8m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round ooids, grey in color.
Unconformable upper contact.
39. Shale. Thickness 0.4m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into over lying unit.
Unconformable upper contact. [A-7)
40. Oolitic grainstone. Thickness 3.7m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round, grey in color. Very
minor micrite. Gradational upper contact.
41. Oncolitic silty lime muds tone. Thickness 1. 8m. Moderately well-sorted
oncoids. Round to sub-round ooids, 2.5-3.5mm in size. Locally grainy.
Silty intra layers and stringers. Conformable upper contact.
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42. Oolitic silty lime mudstone. Thickness 1.2m. Unsorted ooids in a mud
matrix. Conformable upper contact.
43. Oncolitic packstone. Thickness 16.8m. Well rounded, sorted oncoids.
Moderate dark grey limestone. Unconformable upper contact.
44. Oolitic silty lime mudstone. Thickness 11.3m. Unsorted ooids. Mud
supported. Silty interbeds. Unconformable upper contact.
45. Silty lime mudstone. Thickness 16.8m. Interbedded silty layers. Ooids.
Silt is red in color, limestone is light grey in color. Conformable upper
contact.
46. Shale. Thickness 0.8m. Green in color. Moderate fissility. Horizontal
burrows. Trilobite fragments. Grades rapidly into over lying unit.
Conformable upper contact.
47. Silty lime mudstone. Thickness 2. lm. Interbedded silty layers. Ooids.
Silt is red in color, limestone is light grey in color. Conformable upper
contact.
48. Lime mudstone. Thickness 1.8m. Trace of fossil fragments. Massive.
Light grey in color. Conformable upper contact.
49. Fossiliferous lime mudstone. Thickness 0.6m. Very coarse grain fossil
fragments. Light to moderate grey in color. Conformable upper contact.
50. Oolitic grainstone. Thickness 6.7m. Moderately bedded ooids.
Somewhat sorted (per bed) to mixed sized ooids. Round to sub-round
ooids, grey in color. Very minor micrite. Gradational upper contact.
51. Silty lime mudstone. Thickness 6.0m. Interbedded silty layers. Mud
supported ooids. Silt is red in color, limestone is light grey in color.
Conformable upper contact.
Blacksmith Formation 
52. Dolostone.
Total Thickness of the Ute Formation exposed: 177. lm. 
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MEASURED SECTION: CATARACT CANYON (see USGS Brigham City 7.5 Minute 
Quadrangle [NW 1/4, SW 1/4, Sec. 13]) 
This measured section starts at the first carbonate outcrop that occurs above the Spence 
Shale on the south facing slope of the canyon. Strike and Dip is N 48 °W, 15 °E. The 
mouth of Cataract Canyon starts in the middle of the Geertsen Canyon Formation. The 
measured section starts approximately 1.75 km from the canyon mouth. Access starts at 
the base of a rather large alluvial fan. Sample numbers indicated by [ ]. 
Langston Fom1ation 
1. Dolostone. Thickness 19 .8m. Massive. Light grey to buff in color.
Mostly dolomitic. Heavily jointed and fractured N 40 °E, 76 °S.
Limestone nodules within the dolostone. Limestone is moderate grey in
color. Unit is conformable with over-lying unit, cover exists below this
unit.
2. Lime mudstone. Thickness 6.7m. Finely laminated to finely bedded.
Ute Formation 
Light grey in color. Local dolomite, trending with structure (lineations­
see above joint data).
3. Cover. Thickness 5. lm. This unit may be shale.
4. Oncoidal silty wackestone. Thickness 2.5m. Dolomitic, iron-stained
oncolites. Dark grey in color. Massive. Numerous stylolites.
Unconformable upper contact.
5. Oolitic grainstone. Thickness 7.7m. Well-sorted ooids. Numerous
stylolites. Dark grey in color. Unconformable upper contact.
6. Fossiliferous wackestone. Thickness l .Om. Fine grains of fossil
fragments also present. Grey in color. Gradational with upper unit.
7. Shale. Thickness 0.9m. "Spence-like" shale. Green to brown in color.
Exhibits good fissility. Vertical burrows are present. Unconformable
upper contact.
8. Sparse oolitic lime mudstone. Thickness 7 .Om. Light grey in color.
Massive to bedded limestone. Locally cross-bedded. Interbedded with
silty layers. 
9. Lime mudstone. Thickness 1.5m. Silty stringers. Light grey in color.
Massive to bedded.
10. Cover. Thickness 0.6m.
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11. Oolitic lime mudstone. Thickness 0.6m. Light grey in color. Massive to
bedded limestone. Locally cross-bedded. Interbedded with silty layers.
Unconformable upper contact.
12. Shale. Thickness 1.9m. "Spence-like" shale. Green to brown in color.
Exhibits good fissility. Vertical burrows are present. Unconformable
upper contact. Contact contains rip-up beds and oncoids. This unit
pinches out to the south east.
13. Oolitic lime mudstone. Thickness 5.9m. Light grey in color. Massive to
thinly bedded limestone. Locally cross-bedded. Silty stringers present.
14. Oncoidal packstone. Thickness 1.2m. Well sorted. Well rounded. Silty
stringers.
15. Oolitic lime mudstone. Thickness 6.7m. Light grey in color. Massive to
bedded limestone. Locally cross-bedded. Silty stringers are red in color.
16. Silty lime mudstone. Thickness 10.7m. Soft sediment deformation
(possibly associated with seismic activity). Patterns with in the
deformation zone are packages of bedding that are half-ovals and point
concave-upward at the upper contact. This deformed layer has individual
packages that are about 0.5m in thickness and an overall thickness of
2. lm. Unconformable upper contact.
17. Lime mudstone. Thickness 0.5m. Silty inter-beds. Limestone is light
grey in color, silty layers are rust in color. Massive to bedded. Grain
size is coarsening upward.
18. Lime mudstone. Thickness 0.7m. Silty stringers. Light grey in color.
Massive to bedded. Unconformable upper contact.
19. Shale. Thickness 1.9m. Shale is Green to brown in color. Exhibits good
fissility. Vertical burrows are present. Unconformable upper contact.
Contact contains rip-up beds and oncoids at contact.
20. Lime mudstone. Thickness 9.5m. Silty inter layers or stringers.
73 
Limestone is light grey in color, silt is rust in color. Massive to bedded.
Upper contact is gradational.
21. Shale. Thickness 9.8m. Shale is Green to brown in color. Exhibits good
fissility. Vertical burrows are present. Shale is gradational with
overlying silty limestone.
22. Calcareous siltstone. Thickness 1.8m. This unit is much like the unit
grading into the underlying shale unit. Silt is greater in abundance than
is limestone. Buff in color.
23. Lime mudstone. Thickness 6.3m. Silty stringers. Limestone is light
grey in color, silt is rust in color. Massive to bedded. Upper contact is
gradational.
24. Shale. Thickness 3.9m. Shale is green to brown in color. Exhibits good
fissility. Vertical burrows are present. Shale is gradational with
overlying silty limestone.
25. Lime mudstone. Thickness 0.6m. Silty inter layers or stringers.
Limestone is light grey in color, silt is rust in color. Massive to bedded.
Unconformable upper contact.
26. Oncoidal grainstone-lime mudstone. Thickness 0.9m. Oncoidal base
fining upward into ooids, and further fining upwards into very fine­
grained limestone/micrite. Gradational with upper unit.
27. Lime mudstone. Thickness 8.4m. Silty stringers. Limestone is light grey
in color, silt is rust in color. Massive to bedded. Upper contact is
gradational.
28. Oolitic packstone. Thickness 4.6m. Light grey in color. Moderately
well-sorted ooids. Minor amount of micrite presence. Gradational with
upper unit.
29. Lime mudstone. Thickness 1.5m. Weakly discernable bedding.
30. Dolostone. Thickness 1.5m. Locally grainy, buff in color. Massive.
Hematitic in part. Conformable upper contact.
31. Oolitic packstone. Thickness 0.3m. Light grey in color. Moderately
well-sorted ooids. Minor amount of micrite present. Gradational with 
upper unit. 
32. Shale. Thickness 12.2m. Shale is green to brown in color. Exhibits
good fissility. Vertical burrows are present. Shale is gradational with
overlying silty limestone. The shale is slightly calcareous near contact
with under lying unit. Conformable upper contact.
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33. Lime mudstone. Thickness 2. lm. Silty stringers. Limestone is light
grey in color, silt is rust in color. Massive to bedded, and grades upward
into micrite. Upper contact is gradational.
34. Oolitic grainstone. Thickness 0.7m. Light grey in color. Grades from
micrite to ooids. Moderately well-sorted ooids. Minor amount of
micrite present. Unconformable upper contact.
35. Algal boundstone. Thickness 0.5m. Small columnar stromatolites
established on an unconformable surface. These stromatolites are in a
silty ribbon limestone and capped by oolitic grainstone. The average
height of these stromatolites is 0.25m.
36. Oolitic packstone. Thickness 0.5m. Light grey in color. Grades from
lime mudstone to oolitic packstone. Moderately well-sorted ooids.
Minor amount of micrite presence. Unconformable upper contact.
37. Oolitic packstone. Thickness 0.5m. Light grey in color. Grades from
lime mudstone to oolitic packstone. Moderately well-sorted ooids.
Minor amount of micrite presence. Unconformable upper contact.
38. Algal boundstone. Thickness 0.5m. Small columnar stromatolites
established on an unconformable surface. These stromatolites are in a
silty ribbon limestone and capped by silty limestone. The average height
of these stromatolites is 0.25m. Unconformable upper contact. [C-5]
39. Silty lime mudstone. Thickness 1.9m. Silty stringers. Light grey in
color. Massive to bedded.
40 Algal boundstone. Thickness 1 .4m. Large columnar stromatolites.
These stromatolites are established in silty ribbon limestone and are
capped by silty mudstone. Average height of stromatolites are 1.3m.
Conformable upper contact. [C-101, C-106, C-la, C-4]
41. Silty lime mudstone. Thickness 0.6m. Silty stringers. Light grey in
color. Massive to bedded.
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42. Oolitic lime mudstone-packstone. Thickness 0.3m. Light grey in color.
Grades from lime mudstone to oolitic packstone. Moderately well-sorted
ooids. Conformable upper contact.
43. Shale. Thickness 0.3m. Shale is green to brown in color. Exhibits good
fissility. Vertical burrows are present. Shale is gradational with
overlying silty limestone. [C-6]
44. Oolitic packstone. Thickness 0.3m. Light grey in color. Grades from
lime mudstone to oolitic packstone. Moderately well-sorted ooids. Silty
in part. Conformable upper contact.
45. Oncoidal packstone. Thickness 0.6m. Oncoid base fining upward into
ooids, and further fining upwards into very fine-grained lime mudstone.
Gradational with upper unit.
46. Shale. Thickness 0.9m. Brown in color. Exhibits good fissility.
Vertical burrows are present. Shale is gradational with overlying silty
mudstone.
47. Silty lime mudstone. Thickness 23.7m. Silty stringers. Light grey in
color. Massive to bedded.
48. Oolitic packstone. Thickness 6.9m. Light grey in color. Grades from
lime mudstone oolitic packstone. Moderately well-sorted ooids, cross­
bedded. Conformable upper contact.
49. Oolitic packstone. Thickness 4.8m. Light grey in color. Grades from
micrite to ooids. Moderately well-sorted ooids, cross-bedded.
Conformable upper contact.
50. Silty lime mudstone. Thickness 1.3m. Silty limestone in part. Silty
stringers. Light grey in color. Massive to bedded. Unconformable upper
contact.
51. Interclast lime mudstone. Thickness 0.3m. Storm beds. Rip-up clasts,
imbricated in part. Clasts are tabular in shape and are composed of lime
mudstone or silty lime mudstone. Unconformable upper contact.
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52. Oncoidal grainstone. Thickness 0.6m. Oncoidal base fining upward into
ooids. Gradational with upper unit.
53. Oolitic grainstone. Thickness I.Om. Well-sorted, well-rounded ooids.
Unconformable upper contact.
54. Silty lime mudstone. Thickness 0.9m. Silty stringers. Light grey in
color. Massive to bedded. Dolomitic in part. Unconformable upper
contact.
55. Interclastic lime mudstone. Thickness l.0m. Storm beds. Rip-up clasts,
imbricated in part. Clasts are tabular in shape and are composed of lime
mudstone. Unconformable upper contact.
56. Lime mudstone. Thickness 5.6m. Fine-grained limestone. Massive.
Light grey in color. Locally grainy in part. Conformable upper contact.
57. Silty lime mudstone. Thickness 1.5m. Silty stringers. Light grey in
color. Massive to bedded. Dolomitic in part. Conformable upper
contact.
58. Lime mudstone. Thickness 6.8m. Fine-grained limestone. Massive.
Light grey in color. Locally grainy. Conformable upper contact.
59. Cover. Thickness 6.lm.
Blacksmith Formation 
60. Dolostone.
Total thickness of Ute Formation exposed: 189.3 m. 
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MEASURED SECTION: DONATION CANYON 
This study site is measured on the south facing slope, and along the canyon axis. There 
is good exposure along this side, although most of the outcrops are cliff forming. 
Measurements begin with the first outcrop. Strike and dip N 84 ° W, 49 °N. (See USGS 
Brigham City Quadrangle 7.5 Minute Map [NW 1/4, NE 1/4, Sec. 14]). Sample 
numbers indicated by [ ] . 
Langston Formation 
1. Lime mudstone. Thickness 0.8m. Dolomitic mudstone. very fine­
grained to micritic. Massive. Locally laminated algal boundstone mat.
Grey to tan in color.
2. Cover. Thickness 6. lm. (shale?).
3. Lime mudstone. Thickness 16.5m. Contains ripple marks. Numerous
stylolites. Massive to thickly bedded.
4. Shale. Thickness 0.9m. "Spence-like" shale. Green in color. Moderate
fissility. Horizontal burrows. Conformable upper contact.
5. Lime mudstone. Thickness 3.0m. Contains ripple marks. Numerous
stylolites. Massive to thickly bedded. Dark grey in color. Rip-up clasts
near upper contact. Unconformable upper contact.
6. Wackestone. Thickness 3.7m. Partly recrystallized. Oncoids present.
Silty stringers present. Light to moderate grey in color. Unconformable
upper contact.
7. Lime mudstone. Thickness 0.6m. Numerous stylolites. Massive to
thickly bedded. Conformable upper contact.
8. Lime mudstone. Thickness 5.2m. Thin bedded silty limestone.
Moderate grey in color. Siltstone is rust in color.
9. Silty lime mudstone. Thickness 6. l m. Oncoids present. Partly
recrystallized. Conformable upper contact.
10. Silty lime mudstone. Thickness 2.4m. Oncoids present. Partly
recrystallized. Conformable upper contact.
11. Crystalline limestone. Thickness 4.9m. Relict bedding preservation.
Massive, recrystallized limestone. Dark grey to black in color.
12. Packstone. Thickness 0.9m. A mixed zone of both ooids and oncoids.
Light to moderate grey in color. Some micrite present.
13. Oncoidal packstone. Thickness 1.5m. Light grey in color. Massive.
Unconformable upper contact.
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14. Fossiliferous lime mudstone. Thickness 3.8m. Massive. Dark grey in
color. Minor amount of fossil fragments. Unconformable upper contact.
15. Lime mudstone. Thickness 1.4m. Dolomitic mudstone. Very fine­
grained. Massive. Locally laminated (algal mat). Grey to tan in color.
Unconformable upper contact.
16. Fossiliferous lime mudstone. Thickness 8.2m. Very fine-grained
limestone. Massive. Light grey in color. Unconformable upper contact.
Ute Formation 
17. Shale. Thickness 2.5m. "Spence-like" shale. Green to brown in color.
Very good fissility. Unconformable upper contact.
18. Oolitic grainstone. Thickness 3.0m. Well-sorted ooids. Moderate grey
in color. Also contains fine-grained fossil fragments. Hematitic in part.
Gradation upper contact.
19. Oolitic grainstone. Thickness 3.3m. Moderate grey in color. Ooids with
fine-grained fossil fragments. Hematitic in part. Gradational upper
contact.
20. Silty lime wackestone. Thickness 7.3m. Oncoids and ooids mixed with
other fine grains. Partly recrystallized. Dark grey in color.
Unconformable upper contact.
21. Intraclastic silty lime mudstone. Thickness 0.5m. Rip-up clasts are
composed of silty lime mudstone and are tabular in shape.
Unconformable upper contact.
22. Oolitic grainstone. Thickness 1.2m. Moderate grey in color. Fine­
grained fossil fragments. Ooids are cross-bedded. Hematitic in part.
Sharp contact with silty limestone. Gradational upper contact. 
23. Shale. Thickness 1.2m. "Spence-like" shale. Green to brown in color.
Very good fissility. Conformable upper contact.
24. Silty lime mudstone. Thickness 1.6m. Oncoids and ooids mixed with
other fine grains. Partly recrystallized. Dark grey in color.
Unconformable upper contact.
25. Shale. Thickness 0.2m. Green to brown in color. Very good fissility.
Conformable upper contact.
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26. Oolitic grainstone. Thickness 2.7m. Grain supported. Moderate grey in
color. Well-sorted ooids with fine-grained fossil fragments. Ooids are
cross-bedded. Hematitic in part. lnterbedded with silty limestone.
Gradational upper contact.
27. Oncoidal grainstone. Thickness 0.6m. A mixed zone of both ooids and
oncoids. Light to moderate grey in color. Grain supported.
28. Cover. Thickness 3.7m.
29. Oolitic grainstone. Thickness 0.6m. Well sorted, cross-bedded ooids.
Light grey in color. Unconformable upper contact.
30. Silty lime mudstone. Thickness 2. lm. Very fine-grained siltstone with
interbedded limestone (a reversal of the typical situation). Silt is red in
color, limestone is light grey in color. Breaks conchoidally on fresh
fracture. Conformable upper contact.
31. Shale. Thickness 1.2m. Green to brown in color. Very good fissility
Conformable upper contact.
32. Oolitic grainstone. Thickness 0.8m. Grain supported. Moderate grey in
color. Fine--grained fossil fragments. Ooids are cross-bedded. Hematitic
in part. Grades with silty limestone. Unconformable upper contact (or
possible hiatus).
33. Silty lime mudstone. Thickness 0.5m. Very fine-grained siltstone with
inter bedded limestone (a reversal of the typical situation). Silt is red in
color, limestone is light grey in color. Breaks conchoidally on fresh
fracture. Conformable upper contact.
34. Wackestone. Thickness 1.8m. Very argillaceous silty lime mudstone.
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Local thrombolites that are .20-.25m in height. Very fine-grained fossil
fragments. Unconformable upper contact.
35. Oncolitic grainstone. Thickness 0.9m. A mixed zone of both ooids and
oncoids. Light to moderate grey in color. Some lime mudstone present.
36. Lime mudstone. Thickness 0.8m. Moderate grey in color. Silty
stringers are rust in color. Unconformable upper contact.
37. Oolitic grainstone. Thickness 7.5m. Poorly sorted ooids, mixed with
fossil fragments. Thinly bedded. Light to moderate grey in color.
Conformable upper contact.
38. Wackestone. Thickness 8.7m. Very silty limestone. Abundant micrite.
Very fine-grained fossil fragments. Conformable upper contact.
39. Wackestone. Thickness 2.7m. Very silty limestone. Very fine-grained
fossil fragments. Soft sediment deformation, contorted beds.
Conformable upper contact.
40. Shale. Thickness 2.0m. Green to brown in color. Very good fissility
Unconformable upper contact.
41. Wackestone. Thickness 4.6m. Very silty limestone. Very fine-grained
fossil fragments. Conformable upper contact.
42. Wackestone. Thickness 4.6m. Very silty limestone. Very fine-grained
fossil fragments. Bleached in part. Tan in color. Conformable upper
contact.
43. Shale. Thickness 12.2m. Green to brown in color. Very good fissility
Conformable upper contact.
44. Silty lime mudstone. Thickness 24.8m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Breaks conchoidally on
fresh fracture. Unconformable upper contact.
45. Crystalline limestone. Thickness 2.3m. Partly recrystallized. Dark grey
in color. Moderately coarse grained. Abundant fossil fragments
(brachiopod, trilobite, etc.). Conformable upper contact.
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46. Oolitic grainstone. Thickness 10.lm. Grain supported. Moderate grey
in color. Fine-grained fossil fragments. Ooids are cross-bedded.
Hematitic in part. Grades with silty limestone. Unconformable upper
contact.
47. Shale. Thickness 10.4m. Green to brown in color. Very good fissility
Conformable upper contact.
48. Silty lime mudstone. Thickness 0.6m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color.
49. Oolitic packstone. Thickness 0.6m. irregularly bedded ooids (reworked).
Minor amount of fossil fragments ( <5% total grains). Light to moderate
grey in color.
50. Algal boundstone. Thickness 0.4m. Small, well-developed
stromatolites. Average height is 0.25m. These stromatolites are
established in silty ribbon limestone and capped by silty ribbon
limestone. Small ooids present. Conformable with upper contact.
51. Siltstone. Thickness 0.2m. Rapidly grades from silty limestone in the
underlying unit to siltstone. Finely bedded. Some what resembles silty
lime muds tone. Unconformable upper contact.
52. Oolitic wackestone. Thickness 1. lm. Bedded ooids. Minor amount of
fossil fragments ( <5% total grains). Light to moderate grey in color.
Conformable upper contact.
53. Oncolitic grainstone. Thickness 0.5m. A mixed zone of both ooids and
oncoids. Light to moderate grey in color.
54. Algal boundstone. Thickness 0.8m. Small to medium sized columnar
stromatolites. Average height is 0.35m. These stromatolites are
established in silty limestone and capped by silty limestone. Minor
amount of ooids present. Conformable with upper contact.
55. Silty lime mudstone. Thickness 0.9m. Very fine-grained limestone with
interbedded silty layers. Silt is red in color, limestone is light grey in
color. Conformable upper contact. [DO-2]
56. Algal boundstone. Thickness 1.8m. These are rather large columnar
stromatolites. Pillar shaped, occasionally branching, rarely club shaped.
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Most are bent at an angle of 15-35 degrees to the east (probably current 
effects). Average height of these stromatolites is 1.7m. Ooid stringers 
rare. Capped by silty limestone. [DO-100, DO-103, DO-1, DO-3a, DO-
3c] 
57. Fossiliferous lime mudstone. Thickness 0.4m. Very argillaceous silty
limestone. Very fine-grained fossil fragments. Tan in color.
Conformable upper contact. Grades rapidly into over lying unit.
58. Oolitic grainstone. Thickness 3.7m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round (oblong). Moderate
grey in color. Very minor micrite. Unconformable upper contact.
59. Shale. Thickness 7.2m. Green to brown in color. Exhibits good
fissility. Very fine-grained. Trilobite fossils. Horizontal burrows.
Gradational upper contact.
60. Silty lime mudstone. Thickness 29.6m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
Fossil fragments locally. Light to dark grey in color. Unconformable
upper contact.
61. Oolitic grainstone. Thickness 9.5m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round (oblong ooids).
Moderate grey in color. Conformable upper contact.
62. Silty lime mudstone. Thickness 4.0m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
Fossil fragments locally. Light to dark grey in color. Unconformable
upper contact.
63. Oolitic grainstone. Thickness 13. lm. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round ooids, grey in color.
Unconformable upper contact.
Blacksmith Formation 
64. Dolostone.
Total thickness of Ute Formation exposed: 200.8 m. 
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MEASURED SECTION: DRY CANYON. 
This section was measured 68.8m north-northwest of the blasted bedrock notch on the 
Antimony mine road. Strike and dip N 52 °W 16 °E. Measurements begin at the top of 
the last cover (see USGS Brigham City 7.5 Minute Quadrangle Map [SE 1/4. SW 1/4, 
Sec. 25]). Sample numbers indicated by [ ]. 
Ute Formation 
1. Oolitic wackestone. Thickness 5.2m. Very fine fossil fragments. Light
to moderate grey in color.
2. Cover. Thickness 28.3m.
3. Oolitic wackestone. Thickness 6. lm. Very fine fossil fragments. Light
to moderate grey in color.
4, Cover. Thickness 11.6m.
5. Silty lime mudstone. Thickness 5.6m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
Fossil fragments locally present. Light to dark grey in color.
6. Cover. Thickness 14.4m.
7. Silty lime mudstone. Thickness 5.6m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
Fossil fragments locally present. Light to dark grey in color.
Conformable upper contact.
8. Shale. Thickness 1.9m. Finely bedded. Exhibits good fissility. Light
green to brown in color. Trilobite fragments. Conformable upper
contact.
9. Silty lime mudstone. Thickness 1.5m. Interbedded silty layers. Silt is
red in color, limestone is light grey in color. Unconformable upper
contact.
10. Oolitic grainstone. Thickness 1.5m. Moderately bedded. Somewhat
sorted (per bed) to mixed sized ooids. Round to sub-round, grey in color.
Unconformable upper contact (thin layer of rip-up clasts).
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11. Silty lime mudstone. Thickness 11.3m. Very fine-grained limestone
with interbedded silty layers. Silt is red in color, limestone is light grey
in color. Conformable upper contact. Fossil fragments present. Karst
and associated breccia. Light to dark grey in color. Conformable upper
contact.
12. Oolitic grainstone. Thickness 0.3m. Bedded ooids. Somewhat sorted
(per bed) to mixed sized ooids. Round to sub-round, grey in color.
Unconformable upper contact (thin layer of rip-up clasts).
13. Silty lime mudstone. Thickness 5.0m. lnterbedded silty layers. Silt is
red in color, limestone is light grey in color. Conformable upper contact.
Fossil fragments locally. Light to dark grey in color. Conformable upper
contact.
14. Lime mudstone. Thickness 0.5m. Trace of fossil fragments. Massive.
Light grey in color. Unconformable upper contact.
15. Silty limestone. Thickness 3.0m. Very fine-grained limestone with inter
bedded silty layers. Silt is red in color, limestone is light grey in color.
Conformable upper contact.
16. Oolitic grainstone. Thickness 0.7m. Moderately bedded ooids.
Somewhat sorted (per bed) to mixed sized ooids. Round to sub-round,
grey in color. Very minor micrite. Unconformable upper contact (thin
layer of rip-up clasts).
17. Shale. Thickness 4.9m. Finely bedded. Exhibits good fissility. Light
green to brown in color. Trilobite fragments. Unconformable upper
contact.
18. Oolitic grainstone. Thickness 1.2m. Thinly to moderately bedded ooids.
Some what sorted (per bed) to mixed sized ooids. Round to sub-round,
grey in color. Very minor micrite. Unconformable upper contact.
19. Algal boundstone. Thickness 0.5m. Small columnar stromatolites.
Average size is 0.4m. Micritic in part. Established in silty lime
mudstone and capped by silty limestone. Conformable upper contact.
20. Silty limestone. Thickness 0.8m. Very fine-grained limestone with
interbedded silty layers. Silt is red in color, limestone is light grey in
color. Conformable upper contact. { D-7, D-8, D-9]
21. Algal boundstone. Thickness 1.6m. Large columnar stromatolites.
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Average height is 1.5m. These are large pillars, occasionally branching,
rarely club shaped. These are established in silty limestone, but are
capped by ooids (see previous measured sections for additional
information). Conformable upper contact. [D-100, D-1, D-4, D-5b, D-6]
22. Oolitic grainstone. Thickness 0.5m. Thinly bedded ooids. Some what
sorted (per bed) to mixed sized ooids. Round to sub-round, grey in color.
Unconformable upper contact. [D-13]
23. Oncolitic packstone. Thickness O. lm. Well rounded, sorted oncoids.
Mud present. Moderate dark grey limestone. Unconformable upper
contact.
24. Oolitic grainstone. Thickness 0.9m. Thinly to moderately bedded ooids.
Somewhat sorted (per bed) to mixed sized ooids. Round to sub-round,
grey in color.
25. Cover. Thickness 64.9m. Much of this cover appears to be a massive
landslide. Very large blocks resting on residual lag deposits.
Blacksmith Formation 
26. Dolostone.
Total thickness of Ute Formation exposed: 177 .9m. 
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MANTUA SITE - MEASURED SECTION DESCRIPTION 
Measurements begin approximately 77.7 meters above the drainage floor (that of Big 
Hollow), where it meets Jepsen Valley (see Mt. Pisgah 7.5 Minute Quadrangle [NE 1/4, 
NW 1/4, Sec. 21, T9N, RlW]). Sample numbers indicated by [ ]. 
Measurement from the drainage floor to the first outcrop of Ute Formation is 77.7m. 
This interval is covered. The cover is made up of a heterogeneous mix of carbonate 
rock fragments and colluvium. The colluvium is dark brown in color, rock fragments 
are angular, and the rock fragments exhibit a weathering rind when broken. 
Ute Formation 
1. First outcrop. Oolitic grainstone. Thickness 4.6m. Small to medium
ooids (0.5-1.5mm). Locally abundant fossil fragments. Massive, tending
to bedded. Medium grey in color. Highly fractured and jointed. Jointing
is oriented N67 ° E, 80 ° W. Strike and dip are N48 °W, 52 °E.
2. Cover. Thickness 2. lm. Description as per previous comments.
3. Dolostone. Thickness 30m. The base is somewhat less dolomitic than
the upper part. No clear break in dolomite/calcite trends. Massive. Dark
grey in color. Moderately recrystallized. Lineations coincident with
bedding. Upper contact is unconformable.
4. Shale. Thickness 4.9m. Very fissile, minor CaCO3 content, green in
color, locally abundant trilobite fragments. Horizontal worm burrows.
Upper surface is unconformable and cuts across bedding, with ooids
filling shallow troughs.
5. Oolitic grainstone. Thickness 3.6m. Cross-bedded ooids (with current
direction coming from the east). Inclination of cross-beds is 10-11
degrees from the horizontal. Moderate grey in color.
6. Cover. Thickness 3.4m. Description as per previous comments.
7. Oolitic grainstone. Thickness 0.9m. This unit is located 26m northwest
from previous measured unit. Grey in color. Fossil fragments abundant.
Hematitic staining.
8. Silty wackestone. Thickness 1.5m. Fine ooids supported in micritic
mud, silty stringers present. Less than 10% ooids throughout the unit.
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Bedded, moderate grey in color, minor fossil fragments. 
9. Oolitic grainstone. Thickness 3.4m. Clast supported, well sorted, very
well-rounded ooids, with very minor amount of fossil fragments. Light
to moderate grey in color. Local hematitic staining.
10. Silty wackestone. Thickness 0.6m. Fine ooids supported in micritic
mud, silty stringers present. Less than 10% ooids throughout the unit.
Bedded, moderate grey in color, minor fossil fragments. Upper contact is
unconformable (erosional contact).
11. Oolitic-oncolitic grainstone. Thickness 0.9m. Grey in color. Fossil
fragments abundant. Grain supported with minor micrite. Oncoids are
sub-round to round, ooids of mixed sizes (some oncoids as large as
6.3mm) Hematitic staining. Unconformable upper contact.
12. Massive limestone. Thickness 0.8m. Light grey in color. Massive,
finely recrystallized. Local stylolitization. May have been a silty
limestone. No fossil fragments or bedding. Unconformable upper
contact.
13. Oncoidal packstone. Thickness 0.9m. Grey in color. Well-sorted oncoid
bed, well rounded with some mud matrix locally. Sizes range from
3.8mm-5mm, but fining upward rapidly.
14. Mixed oolitic grainstone. Thickness 2.7m. Light grey in color. Mixed
fossil fragment and ooid grainstone. Ooid and fossil fragments are sub
angular to sub-round. Mud supported in part.
15. Silty (with ooids) wackestone. Thickness 3.4m. Micrite with
interbedded ooids. Ooid size ranges from 0.5mm-0.75mm. Silty
stringers are approximately 0.2mm in thickness. Grey in color. Massive.
Silty stringers are stained by hematite. Ripples are present and are
oriented (long axes of the trough) N 31 ° E, showing a south-north
current direction pattern.
16. Oolitic grainstone. Thickness 7.3m. Clast supported, well sorted, very
well-rounded ooids, with very minor amount of fossil fragments. Light
to moderate grey in color. Local hematitic staining.
17. Lime mudstone. Thickness 5.9m. Very fine micrite with silty stringers.
Silty stringers are less than 0.2mm in thickness. Massive. Moderate
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grey in color. Silt increasing up section and becoming gradational with 
overlying siltstone unit. 
18. Siltstone. Thickness 0.4m. Finely bedded, but lacking in fissility. Red­
brown in color. Local horizontal burrows. Blocky and breaks
perpendicular to bedding. Clay content is low, but can be cut by a knife.
19. Silty lime mudstone. Thickness 1.4m. Very fine micrite with silty
stringers. Silty stringers are less than 0.2mm in thickness. Massive.
Moderate grey in color. Silt increasing up-section and becoming
gradational with overlying siltstone unit.
20. Shale. Thickness 8.9m. This is a "Spence-like" shale. Very fine­
grained. Exhibits good fissility. Contains trilobite fragments. Horizontal
burrows present. Silty in part. Green-brown in color.
21. Cover. Thickness 17 .4m.
22. Fossiliferous lime mudstone. Thickness 0.5m. Fossil fragments are very
small (less than 0.1mm). Massive. Grey in color.
23. Cover. Thickness 4. lm.
24. Fossiliferous lime mudstone. Thickness 2.7m. Fossil fragments are very
small (less than 0.1mm). Massive. Grey in color.
25. Silty lime mudstone. Thickness 0. lm. Small ooids mixed with fossil
fragments in a mud matrix. Massive. Light to moderate grey in color.
26. Fossiliferous micrite. Thickness 2.7m. Very thin silty stringers. Fossil
fragments are very small (less than 0.1mm). Massive. Grey in color.
Silt increasing up section of this unit.
27. Cover. Thickness 1.0m.
28. Shale. Thickness 10.7m. Very fissile, minor CaCO3 content, green in
color. Horizontal burrows. Upper surface is gradation with overlying
unit.
29. Silty lime mudstone. Thickness 1.7m. Very fine-grained limestone.
Fossil fragments are very small (less than 0.1 mm). Silty stringers are
less than 0.1mm in thickness. Massive. Grey in color.
30. Siltstone. Thickness 0.15m. Blocky, yellow-brown in color. Exhibits
no fissility. Very fine-grained. Unconformable with overlying unit.
31. Oncolitic packstone. Thickness 0.15m. Sub-rounded oncoids, tabular
rip-up clasts. Moderate grey in color. [M-2a]
32. Oncoidal packstone. Thickness 0.9m. Grey in color. Well-sorted
oncoid bed. Well rounded with some mud matrix locally. Sizes range
from 3.8mm-5mm, but fining upward rapidly. Unconformable with
overlying unit. [M-la, M-lb]
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33. Algal bioherm-boundstone. Thickness 2.2m. The columnar stromatolite
zone. [M-101, M-11)
34. Silty oncoidal lime mudstone. Thickness 4.4m. Poorly sorted oncoids.
Well rounded. Mud supported. Very thin silty stringers. Silt stringers
are stained by hematite, giving them an exaggerated thickness on a
weathered surface. This silty layer also has ferroan-dolomite associated
with it (see X-ray mineralogical discussion elsewhere). Unconformable
with overlying unit. [M-2b, M-3b]
35. Silty shale. Thickness 0.64m. Fine-grained silty shale. Exhibits poor
fissility. Red-brown in color. [M-10]
36. Cover. Thickness 8.0m.
37. Shale. Thickness 3.3m. Fine-grained silty shale. Exhibits poor fissility.
Red-brown in color.
38. Cover. Thickness 5.9m.
39. Silty lime mudstone. Thickness 6.2m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Massive. Grey in color.
40. Cover. Thickness 22.9m.
41. Oolitic grainstone. Thickness 1.7m. Well sorted, very well-rounded
ooids, with very minor amount of fossil fragments. Light to moderate
grey in color. Local hematitic staining. Unconformable with overlying
unit.
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42. Oncoidal packstone. Thickness 0.2m. Sub-rounded oncoids, tabular rip­
up clasts, and in-filled with a mud matrix (in part only). Small
thrombolites locally. Moderate grey in color. Unconformable with
overlying unit.
43. Oolitic grainstone. Thickness I.Om. Well sorted, very well-rounded
ooids, with very minor amount of fossil fragments. Light to moderate
grey in color. Local hematitic staining.
44. Oolitic grainstone. Thickness 3.0m. Well sorted, cross-bedded, well­
rounded ooids. Light grey in color.
45. Lime mudstone. Massive. Thickness I.Om. Dark grey in color.
Dolomitic along fractures.
46. Silty lime mudstone. Thickness 1 .4m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Massive. Grey in color.
47. Oolitic grainstone. Thickness 0.8m. Coarse ooids, fairly well sorted.
Size range is 0.3mm-0.6mm. Moderate grey in color.
48. Silty lime mudstone. Thickness 3.7m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Massive. Grey in color.
49. Cover. Thickness 1.8m.
50. Silty lime mudstone. Thickness 2. lm. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Massive. Grey in color.
51. Silty lime mudstone. Thickness 5. lm. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Slightly oolitic towards the top of this unit. Massive. Grey in color.
Unconformable with overlying unit.
52. Oncoidal packstone. Thickness 0.6m. Sub-rounded oncoids, in filled
with a mud matrix (in part only). Moderate grey in color.
Unconformable with overlying unit.
53. Silty lime mudstone. Thickness 2.2m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness. 
Massive. Grey in color. Unconformable with overlying unit. 
91 
54. Oncoidal grainstone. Thickness 4.0m. Small 0.6-1.Smm oncoids. Fine­
grained fossil fragments occur locally. Light grey in color.
55. Silty oncoidal packstone-grainstone. Thickness 4.6m. Sub-rounded
oncoids. Silty stringers present. Moderate grey in color.
Unconformable contact with overlying unit.
56. Silty lime mudstone. Thickness 3.0m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Massive. Grey in color.
57. Oncolitic packstone. Thickness 0.6m. Small oncoids (size ranges from
0.6-1.5mm), abundant fossil fragments, poorly sorted. Massive.
Moderate grey in color.
58. Silty limestone. Thickness 6.2m. Thin bedded limestone with slightly
thicker silt stringers. The silt stringers range in size from 0.6-2.5mrn.
Bedded, silty in part, moderate grey in color. Silty stringers are rust-red
in color. Unconformable upper contact.
59. Intraclastic packstone. Thickness 1.3m. Rip-up clasts. Imbricated.
Minor micrite. Fossil fragments and minor ooids. Dark grey in color.
Unconformable upper contact.
60. Silty lime mudstone. Thickness 13.4m. Fossil fragments are very small
(less than 0.1mm). Silty stringers are less than 0.1mm in thickness.
Grey in color. Unconformable upper contact.
61. Oncolitic packstone. Thickness 0.6m. Small oncoids (size ranges from
0.6-l .5mm), abundant fossil fragments, Well sorted. Massive. Moderate
grey in color. Unconformable upper contact.
62. Grainstone. Thickness l. lm. Massive to blocky. Local burrows, both
horizontal and vertical. The upper contact appears to be conformable,
but is blurred by the dolomite front from the Blacksmith formation.
Blacksmith Formation 
63. Dolostone. The dolomite front at this location is very undulose (as much
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as 3.8 meters of relief). 
Total thickness of Ute Formation Exposed: 205.9 m. 
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MEASURED SECTIO N: MINERS HOLLOW 
Measurements begin near the top of the Langston Formation. Measurements were taken 
from the south-facing side of the canyon, and is measured and described from the 
bottom upwards. Local strike and dip is recorded as N 64 °W, 43 °E. (see USGS 
Brigham 7.5 Minute Quadrangle [NE 1/4, SW 1/4, sec. 14]). Sample numbers indicated 
by []. 
Langston Formation 
1. Dolostone. Thickness 73.8m. Massive, dark grey dolostone. Finely
recrystallized. Unconformable upper contact. Contact is sharp to wavy.
2. Silty lime mudstone. Thickness 4.6m. Bedded. Local stylolites. Light
to moderate grey in color. Unconformable upper contact.
Ute Formation 
3. Shale. Thickness 1.4m. "Spence-like" shale. Exhibits good fissility.
Trilobite fragments present. Green-brown in color. Gradational with
overlying siltstone unit.
4. Siltstone. Thickness 0.2m. Exhibits no fissility. An extension of
underlying unit (see previous description).
5. Oncoidal packstone. Thickness 0.3m. Well rounded, well-sorted
oncoids. Micrite present. Unconformable upper contact.
6. Oolitic grainstone. Thickness 3. lm. Well sort, well rounded, cross­
bedded ooids. Massive. Moderate grey in color. Grain supported.
7. Oncoidal packstone. Thickness 0.25m. Well rounded, well-sorted
oncoids.
8. Oolitic grainstone. Thickness 3. lm. Well sorted, well rounded, cross­
bedded ooids. Massive. Moderate grey in color.
9. Fossiliferous lime mudstone. Thickness 1.6m. Massive. Light grey in
color.
10. Silty oncolitic lime mudstone. Thickness 1. lm. Blocky to massive.
Fine-grained fossil fragments present. Moderate grey in color.
11. Oolitic grainstone. Thickness 0.5m. Small, well sorted, well-rounded,
cross-bedded ooids. Light to moderate grey in color.
12. Silty oolitic packstone. Thickness 3.7m. 40-70% ooids in a muddy
matrix. Silty stringers present. Light grey in color. Massive. Bedded.
Unconformable upper contact.
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13. Shale. Thickness 1.2m. Very fissile, minor CaCO3 content, green in
color. Horizontal worm burrows. Gradational with upper overlying unit.
14. Silty lime muds tone. Thickness 1. 7m. Bedded. Local stylolites. Light
to moderate grey in color. Unconformable upper contact.
15. Siltstone. Thickness 0.06m. Lacking fissility, fining upward and is
gradational with overlying shale unit, green in color. Disseminated
pyrite throughout unit.
16. Shale. Thickness 1 .4m. Very fissile. Green in color. Horizontal worm
burrows. Unconformable upper contact.
17. Oolitic grainstone. Thickness 3.0m. Small well-sorted ooids, cross­
bedded, and very well sorted, moderate grey in color. Abundant
burrowing.
18. Oolitic grainstone. Thickness l .0m. Small well-sorted ooids, cross­
bedded, and very well-sorted, light to moderate grey in color. Abundant
burrowing. Unconformable upper contact.
19. Oncoidal packstone. Thickness 0.6m. Well-sorted oncoids. Minor
amounts of micrite. Hematite stained oncoids. Moderate to light grey in
color.
20. Cover. Thickness 2.4m.
21. Silty oncoidal mudstone. Thickness 1.3m. Light to moderate grey in
color. Silty stringers present.
22. Siltstone. Thickness 1.3m. Very fissile. Green in color. Horizontal
burrows.
23. Shale. Thickness 0.3m. Very fissile. Green in color. Horizontal worm
burrows.
24. Silty limestone. Thickness 0.7m. Micritic to fine-grained limestone.
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Bedded. Local stylolites. Light to moderate grey in color.
25. Silty oncoidal mudstone. Thickness 1.06m. Oncoids supported by a
muddy matrix .. Light to moderate grey in color. Silty stringers present.
26. Shale. Thickness 2.3m. Very fissile. Green in color. Horizontal worm
burrows.
27. Silty-oolitic wackestone. Thickness 1.Sm. Ooids are dispersed and are
mud supported. Light to moderate grey in color. Silty stringers present
and range in thickness from 0.6mm-1.5mm.
28. Silty-oolitic wackestone. Thickness 0.6m. (As above but with thicker
silty stringers). Ooids are dispersed and are mud supported. Light to
moderate grey in color. Silty stringers present and range in thickness
from 0.6mm-1.5m . Unconformable upper contact.
29. Oolitic grainstone. Thickness 1.5m. Well sorted, well-rounded ooids.
Thickly cross-bedded. Unconformable upper contact. [MI-10, MI-la,
MI-lb, MI-2a, MI-2b, MI-2c]
30. Oolitic wackestone. Thickness 0.8m. Abundant micrite, ooids and fossil
fragments. Thrombolites occur in the lower part of this unit Thrombolite
sizes range from 25-33cm. No internal structures preserved.
Thrombolites occur randomly. All are capped by micrite. Synoptic relief
was probably between 7.5cm-10cm. Unconformable upper contact. [MI-
3a, MI-3b, MI-4a, MI-4b]
31. Algal bioherm-boundstone. Thickness 1.2m. Columnar stromatolites
that range in size from 7 .5-1.8m, and range in width from 7 .5-40cm.
Some of the smaller stromatolites are occurring in ooid beds, the larger
ones extended upwards into a poorly sorted silty lime
mudstone/grainstone. Unconformable upper contact. [MI-5, MI-6, MI-
100, MI-103]
32. Oncoidal packstone. Thickness 2.0m. Fossil fragments present. Silty
stringers present. Unconformable upper contact.
33. Silty oncolitic wackestone. Thickness 1.8m. Oncoids suspended in a
muddy matrix. Blocky to massive. Fine-grained fossil fragments
present. Moderate grey in color.
34. Oncoidal grainstone. Thickness 1.8m. Grain supported. Fossil
fragments present. Silty stringers present. Unconformable upper
contact.
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35. Algal bioherm-boundstone. Thickness 0.2m. Small mound/columnar
stromatolites in an oolitic environment. The stromatolites are capped by
ooids. The stromatolites range in size from 12.7cm-15cm. This unit is
conformable with the overlying unit.
36. Oolitic grainstone. Thickness 0.9m. Small, well rounded and well­
sorted ooids. Light grey in color. Within this unit is a thinly deposited
oncolitic bed (1.25cm-10cm). Unconformable upper contact.
37. Oolitic grainstone, upwards gradational to packstone. Thickness 0.7m.
This unit is fining upward. The lower part of this unit is grain supported
ooids, and become mud supported towards the top. This unit also
contain laterally-linked domal stromatolites and measure 5cm-7.5cm in
height.
38. Silty-oolitic wackestone. Thickness 11.3m. Very fine-grained
limestone. Ooids are dispersed and are mud supported. Light to
moderate grey in color. Silty stringers present are range in thickness
from 0.6mm-1.5mm. Gradation from lower unit.
39. Wackestone. Thickness 3. lm. Breaks massively. Few fossil fragments.
Muddy in part, light grey in color.
40. Silty shale. Thickness 1.2m. Soft. moderate fissility. Red-brown in
color. Finely bedded. Gradational with the overlying unit.
41. Oolitic wackes tone. Thickness 4.1 m. This unit grades from the
underlying shale to a clean silty limestone to an oolitic silty limestone.
Moderate grey in color.
42. Wackestone. Thickness 3.5m. Minor ooids present. Light to moderate
grey in color. Rip-up clasts near the top of this unit. Unconformable
upper contact.
43. Siltstone. Thickness 7.3m. Blocky, exhibits poor fissility, very fine­
grained. Green brown in color. Gradational with upper contact.
44. Silty wackestone. Thickness 9. lm. Muddy matrix supporting small
ooids. Silty stringers. Locally abundant fine fossil fragments. 
Conformable upper contact. 
97 
45. Shale. Thickness 2.4m. Exhibits very good fissility. Green to brown in
color. Very thinly bedded. Gradational upper contact.
46. Silty wackestone. Thickness 1.5m. Silty stringers. Conformable upper
contact.
47. Silty wackestone. Thickness 10.6m. Silty stringers. Locally abundant
fine fossil fragments. Conformable upper contact.
48. Oolitic grainstone. Thickness 6. lm. Small, well rounded and well­
sorted ooids. Thickly bedded. Light grey in color. Complete
dolomitization.
49. Oolitic grainstone. Thickness 3.6m. Small, well rounded and well­
sorted ooids. Bedded. Light grey in color. Unconformable upper
contact.
50. Shale. Thickness 11.6m. Exhibits very good fissility. Green to brown in
color. Very thinly bedded. Gradational upper contact.
51. Silty lime mudstone. Thickness 1.2m. Ooids present. Small
stromatolites near the top of this unit. Average size of these
stromatolites is 0.25-0.30m. Unconformable upper contact.
52. Oncoidal packstone. Thickness 0.5m. Fossil fragments present.
Moderately well sorted. Silty stringers present. Unconformable upper
contact.
53. Silty wackestone. Thickness 2.7m. Ooids present. Silty stringers.
Conformable upper contact.
54. Algal bioherm-boundstone. Thickness 0.8m. Small columnar
stromatolites established in silty lime mudstone and capped by silty lime
mudstone. Thin silty stringers, drape near stromatolite margins.
Conformable upper contact.
55. Silty wackestone. Thickness 0.8m. Silty stringers. Conformable upper
contact.
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56. Fossiliferous micrite. Thickness 0.6m. Very thin silty stringers. Fossil
fragments are very small (less than 0.1mm). Massive. Contains one
large (0.5m) columnar stromatolite. Grey in color. Silt increasing up
section from this unit.
57. Silty wackestone. Thickness 1. lm. Small ooids. Silty stringers.
Conformable upper contact.
58. Silty shale. Thickness 1.2m. Poor fissility and blocky. Brown in color.
Unconformable upper contact.
59. Oolitic grainstone. Thickness 1.2m. Small, well rounded and well­
sorted ooids. Bedded. Light grey in color. Unconformable upper
contact.
60. Oolitic grainstone. Thickness 1.2m. Small, well rounded and well­
sorted ooids. Bedded. Light grey in color. Unconformable upper
contact.
61. Silty wackestone. Thickness I.Sm. Muddy matrix supporting small
ooids. Silty stringers. abundant micrite. Unconformable upper contact.
62. Silty lime mudstone. Thickness 22.9m. Micritic to fine-grained
limestone. Bedded. A few ooids scattered throughout. Local stylolites.
Light to moderate grey in color. Unconformable upper contact.
63. Oolitic grainstone. Thickness 7.5m. Small, well rounded and well­
sorted ooids. Cross-bedded. Light grey in color. Conformable upper
contact.
64. Silty lime mudstone. Thickness 0.9m. Micritic to fine-grained
limestone. Bedded. A few ooids scattered through out. Local stylolites.
Light to moderate grey in color. Unconformable upper contact.
65. Shale. Thickness 0.3m. Exhibits very good fissility. Green to brown in
color. Very thinly bedded. Gradational upper contact.
66. Silty lime mudstone. Thickness 3.5m. Silty stringers. Conformable
upper contact.
67. Shale. Thickness 1.2m. Exhibits very good fissility. Green to brown in
color. Very thinly bedded. Gradational upper contact.
68. Cover. Thickness 6.1 m.
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69. Silty wackestone. Thickness 3.3m. Small ooids present. Silty stringers.
Conformable upper contact.
70. Oolitic grainstone. Thickness 7.3m. Small, well rounded and well­
sorted ooids. Cross-bedded. Light grey in color. Conformable upper
contact.
71. Fossiliferous lime mudstone. Thickness 6.1 m. Massive. Light grey in
color. Conformable upper contact.
72. Silty wackestone. Thickness 3. lm. Small ooids present. Silty stringers.
Conformable upper contact.
73. Silty wackestone. Thickness 10.6m. Small ooids present. Silty
stringers. Contact appears sharp.
Blacksmith Formation 
74. Dolostone.
Total thickness of Ute Formation exposed: 207.6 m. 
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Appendix B. Thin-Section Descriptions 
Thin Section Number: I A-9
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: 
Sample collected from 
Antimony Canyon 
0 u 
Grain Types: it 
Sponge Spicules 2 
Trilobite Fragments 24 
lntraclasts 8 
Ooids 4 
Brachiopod Fragments 6 
Ostracod Fragments 11 
Pyrite 10 
Pelloids 6 
Oncoids 35 
Unidentified Fossil Fragments 7 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 113 
lime Mud�
Silty Mud 
Fracturest3
Stylolites 9 
Dolomite
§ Quartz 
Calcite 
Open Fractures
Solution Vugs 
Rock Name (Dunham):
Lime Wackestone 
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Thin Section Number: I C-1 a Sample collected from 
Cataract Canyon Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Comments: ----------
0 
0 
Grain Types: it 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 16 
lntraclasts 26 
Ooids 1 
Brachiopod Fragments 6 
Ostracod Fragments 
Pyrite 3 
Pelloids 4 
Oncoids 54 
Unidentified Fossil Fragments 2 
Total 112 
Micritic Mud
a Silty Mud 
Spar 8 
Fractures a 
Stylolites 4 
Dolomite
§ Quartz 
Calcite 
Open Fracture B Solution Vugs 
Most calcite has been altered to dolomite (no 
staining by Alizarin red-S, however, some Fe-
dolomite (purple staining). 
Rock Name (Dunham):
Lime Packstone 
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Thin Section Number: I C-4
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Cataract Canyon 
0 
0 
Grain Types: o::: 
Sponge Spicules 
Trilobite Fragments 2 
lntraclasts 
Ooids 133 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 2 
Pelloids 3 
Oncoids 
Unidentified Fossil Fragments 
Total 140 
Matrix: 
Structure: 
Cement: 
Porosity: 
MicOtic Mud
@ Silty Mud 
Spar 21 
Fracturesbij
Stylolites� 
Dolomite 
Quartz 
Calcite 
Dolomite 22 
Open FractureB
Solution Vugs 
Staining with Alizarin red-S shows Fe-Calcite. ----------Comments: 
Bedded micrite, pink staining. One stylolite 
normal to bedding due to tectonism. 
Rock Name (Dunham):
Oolitic Packstone 
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Thin Section Number: I C-5 Sample collected from 
Cataract Canyon Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Comments: ----------
0 
0 
Grain Types: 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
42 
2 
Unidentified Fossil Fragments 2 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 47 
Micritic Mud� 
Silty Mud 12 
Spar 129 
Fractures a 
Stylolites 
Dolomite§ 
Quartz 
Calcite 
Open Fracturec=J 
Solution Vugsl__J 
Most fossil fragments have a micrite envelop 
surrounding them. Spar is dolomite replacement, 
The micrite is also dolomitic. The slide was point 
counted using an opaque diffuser. 
Rock Name (Dunham): 
Lime Wackestone 
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Thin Section Number: I C-6
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
0 
0 
Grain Types: it 
Sponge Spicules 1 
Trilobite Fragments 1 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 2 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud�
Silty Mud 82 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Bedded, laminated in part, burrows (vertical). ----------Comments: 
Rock Name (Dunham):
Silty-Lime Mudstone 
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Thin Section Number: I C-7
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Sample taken from 
Cataract Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 3 
lntraclasts 
Ooids 128 
Brachiopod Fragments 4 
Ostracod Fragments 
Pyrite 1 
Pelloids 7 
Oncoids 
Uniderntified Fossil Fragments 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 143 
Micritic Mud
� Silty Mud 
Spar 37 
Fractures�
Stylolites  
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: All calcite has been (altered to dolomite (no ----------
staining by Alizarin re,d S. 
Rock Name (Dunham):
Oolitic Packstone 
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Thin Section Number: I D- l
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Sample collected from
Dry Canyon
Grain Types: 
Sponge Spicules
Trilobite Fragments
lntraclasts
Ooids
Brachiopod Fragments
Ostracod Fragments
Pyrite
Pelloids
Oncoids
Unidentified Fossil Fragments 
Matrix: 
Structure: 
Total 
Micritic Mud I Silty Mud Spar 
0 
0 
it 
l 
Fractures! .... __ 2-11
Stylolites _ _
Cement: 
Porosity: 
Dolomite I Quartz Calcite 
Open Fracture I
Solution Vugs 
Silty limestone. Fe dolomite along silty stringer. ----------Comments: 
Rock Name (Dunham): 
Lime Mudstone 
107 
Thin Section Number: I D-4 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 32 
lntraclasts 8 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 9 
Pelloids 2 
Oncoids 
Unidentified Fossil Fragments 3 
Matrix: 
Structure: 
Cement: 
Porosity: 
Bryozoa 124 
Total 178 
Micritic Mud
l Silty Mud 
Spar 
Fractures' 1
1
5
7
1 
Stylolites ...__ .... 
Dolomite 
I Quartz 
Calcite 
Open Fracture�-­
Solution Vugs ...__ .... 
Recrystallized micrite to dolomite spar. Abundant ----------Comments: 
sty Io Ii t es. 
Rock Name (Dunham):
Lime Wackestone 
108 
Thin Section Number: I D-5b 
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 3 
lntraclasts 2 
Ooids 110 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
4 
Unidentified Fossil Fragments 
Bryozoa l 
Total 122 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud
� Silty Mud 
Spar 3 
Fractures�
Stylolites  
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Trace Fe-calcite, trace Fe-dolomite. ----------
Rock Name (Dunham):
Oolitic Packstone 
109 
Thin Section Number: I D-6 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 u 
Grain Types: it 
Sponge Spicules 
1-----1 
Trilobite Fragments 
1-----1 
lntraclasts 
1-----1 
Ooids 
1-----1 
Brachiopod Fragments 
r-----1
Ostracod Fragments 
r-----1 
Pyrite 
---i 
Pelloids 
r---""'1 
Oncoids 
Unidentified Fossil Fragments 
r-----1
Matrix: 
Structure: 
Cement: 
Porosity: 
Total--0 
Micrltic Mud
§ Silty Mud 
Spar 2 
Fractures�
Stylolites  
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Pervasive dolomitization, mostly Fe-dolomite. ----------
Sam p I e was taken just above the large 
stromatolite unit. 
Rock Name (Dunham): 
Lime Mudstone 
110 
Thin Section Number: I D-7
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 31 
lntraclasts 6 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 21 
Oncoids 
Unidentified Fossil Fragments 
Bryozoa 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 61 
Micritlc Mud
� Silty Mud 16 
Spar 1 
Fractures�
Stylolites 17 
Dolomite
§ Quartz 
Calcite 4 
Open FractureB
Solution Vugs 
25-50% Fe-dolomite, 50% dolomite, depending----------Comments: 
where on the slide the cross hair lies. Fe-dolomite
is evenly distributed.
Rock Name (Dunham):
Silty Lime Wackestone 
111 
Thin Section Number: I D-8
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 u 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud
a Silty Mud 
Spar l 
Fracturest=zj
Stylolites � 
Dolomite
§ Quartz 
Calcite 
Open Fracture B Solution Vugs 
Comments: Trace Fe-calcite, trace Fe-dolomite. ----------
Rock Name (Dunham):
Ume Mudstone 
112 
Thin Section Number: I D-9 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: 
Sample collected from 
Dry Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 18 
lntraclasts l 0
Ooids l
Brachiopod Fragments 2 
Ostracod Fragments 
Pyrite 
Pelloids 16 
Oncoids 109 
Unidentified Fossil Fragments 
Total 156 
Matrix: 
Structure: 
Cement: 
Porosity: 
Mlcritic Mud
� Silty Mud 
Spar 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open Fracture
B
Solution Vugs 
Rock Name (Dunham):
Oncoidal Packstone 
113 
Thin Section Number: I D- 13
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Dry Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 
Matrix: 
0 
Micritic Mud
a Silty Mud 
Spar 2 
Structure: 
Cement: 
Porosity: 
Fracturesw
Stylolites � 
Dolomite
§ Quartz 
Calcite 
Open Fracture B Solution Vugs 
Very little dolomite present. ----------Comments: 
Rock Name (Dunham):
Lime Mudstone 
114 
Thin Section Number: I DO- l 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: 
Sample collected from 
Donation Canyon 
0 
0 
Grain Types: it 
Sponge Spicules l
Trilobite Fragments 33 
lntraclasts 20 
Ooids 
Brachiopod Fragments 4 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 60 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud�
Silty Mud 
Fracturestl 
Stylolites � 
Dolomite
§ Quartz 
Calcite 
Open Fracture
B
Solution Vugs 
Rock Name (Dunham):
lntraclast Lime Wackestone 
115 
Thin Section Number: I D0-2 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 21 
lntraclasts 47 
Ooids 5 
Brachiopod Fragments 1 
Ostracod Fragments 
Pyrite 2 
Pelloids 5 
Oncoids 175 
Unidentified Fossil Fragments 1 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 257 
Micritic Mudl 87
Silty Mud �-� 
Fractures �-7____,
Stylolites. 4 ---
Dolomite
! 
19 
Quartz 
i------1 
Calcite ---
Open Fracture�-­
Solution Vugs ---
Comments: Well sorted, subround oncoids. lmbricated in ----------
pa rt, dolomitic throughout. 
Rock Name (Dunham):
Oncoidal Packstone 
116 
Thin Section Number: I D0-3a I 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Donation Canyon 
Grain Types: 
Sponge Spicules 
0 
0 
it 
6 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite l 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 2 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 9 
Micritic Mudl 1
3
2
6
31 
Silty Mud .___ ...... 
Fractures�-­
Stylolites .___ ......
Dolomite 
I Quartz 
1------1 
Calcite .___ ...... 
Open Fracture�-­
Solution Vugs .___ ...... 
Comments: Completely dolomitized. Remnant bedding, ----------
Rock Name (Dunham): 
Lime Mudstone 
117 
Thin Section Number: I D0-3b I 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: 
Sample collected from 
Donation Canyon 
0 
0 
Grain Types: it 
Sponge Spicules 2 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 4 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud�
Silty Mud 9 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open Fracture B Solution Vugs 
Rock Name (Dunham):
Lime Mudstone 
118 
Thin Section Number: I D0-3c I 
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Comments: 
Sample collected from 
Donation Canyon 
0 u 
Grain Types: it 
Sponge Spicules 3 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Total 
Matrix: 
2 
6 
Micritic Mud�
Silty Mud 6 
Structure: 
Cement: 
Porosity: 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Rock Name (Dunham):
Lime Mudstone 
119 
Thin Section Number: I M- l O
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Grain Types: 
Sample collected from 
Mantua Site 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
0 u 
it 
Pyrite 6 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Bryozoa 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 6 
Micritic Mud
a Silty Mud 
Spar 13 
Fractures a 
Stylolites 
Dolomite
�Quartz 
Calcite 
Hematite 
Open FractureB
Solution Vugs 
Minor dolomitization, finely bedded. Very fine ----------Comments: 
grained (micro-scale). 
Rock Name (Dunham):
Lime Mudstone 
120 
Thin Sec ff on Number: I M- l O l Sample collected from 
Mantua Site Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: ----------
Grain Types: 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
0 u 
i!i: 
3 
Unidentified Fossil Fragments 
Matrix: 
Structure: 
Cement: 
Porosity: 
Bryozoa 
Total 3 
Micritic Mud
§ Silty Mud 7 
Spar 
Fractures a 
Stylolites 
Dolomite 5 
Quartz 
Calcite 3 
Hematite 
Open FractureLJ 
Solution Vugsl__J 
This slide is cut from stromatolite M-101. Consists of 
a I g a 1-bounds tone. 
Rock Name (Dunham):
Algal Boundstone 
121 
Thin Section Number: I M-11 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Mantua Site 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 3 
Pelloids 7 
Oncoids 
Unidentified Fossil Fragments 2 
Matrix: 
Structure: 
Cement: 
Porosity: 
Bryozoa 
Total 12 
Micritic Mud
w Silty Mud 
Spar 14 
Fractures a 
Stylolites 2 
Dolomite 
Quartz 
Calcite 
Hematite 
9 
4 
Open FractureB
Solution Vugs 
Comments: Recrystallized micrite to dolomite, disseminated. ----------
Rock Name (Dunham): 
Lime Mudstone 
122 
Thin Section Number: I M-l a
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Sample collected from 
Mantua Site 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 6 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 3 
Matrix: 
Structure: 
Cement: 
Porosity: 
Bryozoa 
Total 9 
Micritic Mud
B Silty Mud 
Spar 
FracturesB
Stylolites 6 
Dolomite 
Quartz 
Calcite 4 
Hematite 15 
Open Fracture B Solution Vugs 
Hematitic stained burrow infilling, ----------Comments: 
fine I y bedded. 
Rock Name (Dunham):
Lime Mudstone 
123 
Thin Section Number: I M- 1 b
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Mantua Site 
0 u 
Grain Types: it 
Matrix: 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 
Bryozoa 
Total 
2 
2 
5 
Micritic Mud
� Silty Mud 
Spar 54 
Structure: 
Cement: 
Porosity: 
Fractureso
Stylolites � 
Dolomite 
Quartz 
Calcite 8 
Hematite 28 
Open FractureB
Solution Vugs 
Recrystallized throughout. burrows (vertical), ----------Comments: 
mo Id i c porosity infilling replacement (calcite). 
Rock Name (Dunham):
Lime Mudstone 
Thin Section Number: I M-2 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Mantua Site 
0 
0 
Grain Types: a: 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 54 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 2 
Pelloids 2 
Oncoids 
Unidentified Fossil Fragments 12 
Bryozoa 
Total 70 
Micritic Mud
� Silty Mud 
Spar 8 
Fracturestm
Stylolites� 
Dolomite
�Quartz 
Calcite 
Hematite 
Open FractureB
Solution Vugs 
Microcrystalline dolom1te replacement. Not ----------Comments: 
stained by Alizarin red S. Stylolites cutting ooids. 
Rock Name (Dunham):
Oolitic Packstone 
125 
Thin Section Number: I M-2a 
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Comments: 
Sample collected from 
Mantua Site 
0 
0 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 20 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 9 
Pelloids 3 
Oncoids 
Unidentified Fossil Fragments 2 
Bryozoa 
Total 34 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud
� Silty Mud 
Spar 
Fractures a 
Stylolites 6 
Dolomite 
Quartz 
Calcite 
Hematite 
2 
Open Fractures
Solution Vugs 
Rock Name (Dunham):
Oolitic Packstone 
Thin Section Number: I M-3b 
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Comments: 
Sample collected from 
Mantua Site 
0 
0 
Grain Types: a: 
Sponge Spicules 
Trilobite Fragments 3 
lntraclasts 
Ooids 54 
Brachiopod Fragments 5 
Ostracod Fragments 
Pyrite 
Pelloids 3 
Oncoids 65 
Unidentified Fossil Fragments 12
Bryozoa 
Total 142
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud
§ Silty Mud 
Spar 
Fractures�
Stylolites 
Dolomite 12 
Quartz 
Calcite 
Hematite 
Open FractureB
Solution Vugs 
Rock Name (Dunham): 
Oncoidal Packstone 
Thin Section Number: I Ml-1 O Sample collected from 
Miner's Hollow Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Comments: ----------
Grain Types: 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Algal Boundstone 
0 u 
12 
76 
6 
6 
Total 100 
Micritic Mudl 85
Silty Mud_ 7 
Fractures�_5_
Stylolites 9 .____ .... 
Dolomite 
I Quartz 
1-----t 
Calcite .....__....., 
Open Fracture�-­
Solution Vugs 
.____ .... 
Abundant stylolites, fractures at 20 degrees to normal, 
Lo ca I stylolaminae, Fracture filling by dolomite and 
calcium carbonate. 
Rock Name (Dunham): 
Fossiliferous Lime Packstone 
Thin Section Number: I Ml- l A 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Grain Types: 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sample collected from 
Miner's Hollow 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Algal Boundstone 
0 
(,) 
..: a. 
Total 0 
Micritic Mud�
Silty Mud 26 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Bedded. Stylolites. Stylolaminae. Dolomite ----------
a Iteration. Rock is recrystallized in part. 
Rock Name (Dunham): 
Lime Mudstone 
129 
Thin Section Number: I Ml- 1 B 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 u 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 25 
lntraclasts 4 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 24 
Total 53 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic Mud�
Silty Mud 
Fracturesw
Stylolites� 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Micritic envelopes on all fragments, Abundant ----------
sty Io Ii t es. 
Rock Name (Dunham): 
Lime Wackestone 
130 
Thin Section Number: I Ml-1 C 
Doto presented is token from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 u 
Grain Types: o: 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 9 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 4 
Pelloids 
Oncoids 
Algal Boundstone 
Total 13 
Micritic Mud�
Silty Mud 4 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Crystalline. Bedded to laminated. Low ----------
amp Ii tu de stylolaminae. 
Rock Name (Dunham): 
Lime Mudstone 
Thin Section Number: I Ml-2A I 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 u 
Grain Types: it 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 5 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 2 
Pelloids 
Oncoids 
Algal Boundstone 
Total 7 
Micritic Mud�
Silty Mud 15 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open Fracturew
Solution Vugs � 
Comments: Bedded stylolites. Worm burrows. Small scale ----------
cross -bedding. 
Rock Name (Dunham):
Lime Mudstone 
Thin Section Number: I Ml-2B 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 27 
lntraclasts 3 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Unidentified Fossil Fragments 28 
Total 58 
Micritic Mudl 1121 
Silty Mud._ _  _._ 
Fracturesw
Stylolites � 
Dolomite
§ Quartz 
Calcite 
Open Fracture�---1
Solution Vugs ,.__ _ _, 
Micritic envelopes on all fragments. Abundant ----------Comments: 
sty Io Ii t es. 
Rock Name (Dunham):
Lime Wackestone 
Thin Section Number: I Ml-2C 
Data presented is taken from 
standard point-count methods, 
see text tor more formal description. 
Grain Types: 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sample collected from 
Miner's Hollow 
0 u 
it 
Sponge Spicules 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 2 
Pelloids 
Oncoids 
Algal Boundstone 
Total 3 
Micritic Mudoo
Silty Mud 17 
Fractures a
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Bedded stylolites. Worm burrows. Small scale cross-----------
bedding. 
Rock Name (Dunham): 
Lime Mudstone 
134 
Thin Section Number: I Ml-3A 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 4 
Trilobite Fragments 3 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 4 
Pelloids 
Oncoids 
Algal Boundstone 
Total l l 
Micritic Mud�
Silty Mud 43 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open Fracture w
Solution Vugs � 
Comments: Crystalline. Bedded to laminated. Low ----------
amp Ii tu de stylolaminae. 
Rock Name (Dunham):
Lime Mudstone 
135 
Thin Section Number: I Ml-3B 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Sponge Spicules 3 
Trilobite Fragments 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 12 
Pelloids 
Oncoids 
Algal Boundstone 
Matrix: 
Structure: 
Cement: 
Porosity: 
Total 15 
Micritic Mud�
Silty Mud 31 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open Fracturew
Solution Vugs � 
Comments: Crystalline. Bedded to laminated. ----------
Rock Name (Dunham):
Silty-lime Mudstone 
136 
Thin Section Number: I Ml-4A 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 u 
Grain Types: it 
Sponge Spicules 
Trilobite Fragments 3 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Algal Boundstone 
Total 
Matrix: 
3 
Micritic Mud�
Silty Mud 
Structure: 
Cement: 
Porosity: 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Bedded to laminated. Low amplitude ----------Comments: 
sty Io I am in a e, Possible algal mat. 
Rock Name (Dunham):
Lime Mudstone 
137 
Thin Section Number: I Ml-4B 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Matrix: . 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 5 
Trilobite Fragments 2 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 4 
Pelloids 15 
Oncoids 
Algal Boundstone 
Total 26 
Micritic Mud�
Silty Mud 4 
Fractures EE 
Stylolites 2 
Dolomite
@ Quartz 
Calcite 5 
Open FractureB
Solution Vugs 
Comments: Crystalline. Bedded to laminated. Low ----------
amp Ii tu de stylolaminae. Possible algal mat. 
Rock Name (Dunham):
Lime Wackestone 
138 
Thin Section Number: I Ml-5 
Data presented is taken from 
standard point-count methods, 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
() 
Grain Types: it 
Matrix: 
Structure: 
Cement: 
Porosity: 
Sponge Spicules 
Trilobite Fragments 3 
lntraclasts 
Ooids 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 
Pelloids 
Oncoids 
Algal Boundstone 139 
Total 142 
Micritic Mud eg 
Silty Mud 
Fractures a 
Stylolites 
Dolomite
§ Quartz 
Calcite 
Open FractureB
Solution Vugs 
Comments: Algal mat overlying ooids. Unconformable ----------
surface. Stylolites present. 
Rock Name (Dunham):
Algal Boundstone 
139 
Thin Section Number: I Ml-6 
Data presented is taken from 
standard point-count methods. 
see text for more formal description. 
Sample collected from 
Miner's Hollow 
0 
0 
Grain Types: it 
Sponge Spicules 2 
Trilobite Fragments 8 
lntraclasts 
Ooids 12 
Brachiopod Fragments 
Ostracod Fragments 
Pyrite 3 
Pelloids 
Oncoids 62 
Unidentified Fossil Fragments 
Total 87 
Matrix: 
Structure: 
Cement: 
Porosity: 
Micritic MudB 
Silty Mud 
Fracturesm
Stylolites � 
Dolomite
� Quartz 
Calcite 27 
Open FractureB 
Solution Vugs 
Comments: Well sorted. subround oncoids. lmbricated in ----------
pa rt. 
Rock Name (Dunham):
Oncoidal Grainstone 
140 
141 
Appendix C. Stratigraphic Columns and Correlations 
142 
The following stratigraphic sections are presented in graphical form and include only 
the Ute Formation. See Appendix A for a more complete description of contacts and 
upper and lower boundaries. Information contained in Appendix A includes some 
stratigraphic detail below and above the Ute Formation. Due to scale, some information 
has been simplified for graphical presentation. 
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Appendix D. Stromatolite Laminae Measurements 
'C-101 A-A' Stromatolite collected from 
THICKNESS I COLOR GRAIN Cataract Canyon. 
011 2 1 i 
0.21 I 31 1 . Color 1 =void 
0.21 31 1, Color 2=dark 
i 0.1 I 21 11 Color 3=light 
I 0.2 I 2! 1; Color 4=black 
0.6 I 3 11 I I i 
I 0 21 i 2 1 IGrain !=carbonate 
I I 0.2 3 1 Grain 2=terrigenous I 
I 01 I 21 11 
0.2 i 3 1 I
I 0.1 2 11 
0.2 2 11 I 
I 0.3 31 1 ! 
0.1 2 1! ! 
0.2 3 1 i 
0.2 2 1 
0.3 3 1 
I I 041 21 11 i 
0.5 3 11 
I i 0.1 2 1 I 
I I 0.3 2 1 
04 3 1 
I 01 2 1 ! 
0.3 3 1 I 
I 01 2 1 
0.3 3 1 
0.1 2 1 I 
0.3 3 1 i 
04 2 1 I I 
I 0.3 3 1 I I 
0.3 3 1 I I 
I 0.3 3 1 I I 
I 0.2 2 1 
0.2 I 31 11 
011 I 21 II 
0.31 31 11 
0.1 2 11 
I 011 2 1! 
' I 011 3 11 ' I 
I I 0.2 3 1 I 
i ! 0.1 2 1 ' 
i I 0.1 31 I I 
: I 0.1 2 1 I 
! 01 2 1, 
I 0.2 3 11 : 
I 0.1 21 11 I 
! 0.1 i 21 1 i 
I 0.2 31 11 I I I 
I 0.1 2 1! ' 
i O 21 31 11 
O 11 21 11 I 
0 21 31 !II 
I 0.1 21 !I
I 0.1 31 1
0 11 21 1
' I 0 31 31 11
I 0.11 2 1 I 
0.31 3 1 
01: 21 1 
0.31 31 1 
0.1 ! 21 11 I 
0 21 3 11 
O.li 2 1 
I 0 2! 3 1 
i 0.1 2 1 ' 
O 21 I 31 1 
I 
I 0.1 i 21 1 I I 0.1 I 31 1 
I 011 i 2 1 I 
I O 31 I 3 1 i 
I 0.2 2 1 ! 
I O 21 3 1 I I i 
I 0.2 2 1 I 
0.1 2 1 
0 21 I 2 1 
I 0.11 
I 2 1 I 
I 0.11 3 1 
I 0.1 1 2 1 I 
0.1 2 1 
0.1 3 1 
I 0.3 3 1 
0.1 2 1 
0.1 3 1 
0.1 ' 2 1 
0.1 2 1 
I 0.1 I 3 1 
I 0.1 2 1 
I 01 3 1 
0.3 2 1 
0.1 i 2 1 
0.2 3 1 
011 I 2 1 I 
i I 031 I 31 1 
011 21 11 I 
0.5 3 1 
' 011 21 1 I I 
I 04 3 1 I I 
0.1 2 1 
I 04 I 3 11 
I 04 3 1 
041 I 3 1 I 
I 0.1 I 2 1 I 
I 0.1 3 1 I I 
0.1 2 1 i 
I 01 i 3 1 i I 
0.1 I 2 1 
0.1 I 3 1 I I 
I 0.2 I 3 1 I 
I 0.3 1 3 1 
0.1 2 1 I I I 
0.1 3 1 
0.1 2 1 I 
I I 0.1 3 1 I 
I 041 2 1 
I 0.2 3 1 
I 01 3 1 
I 01 2 1 
I 0.3 3 11 
I I 0.2 2 11 
0.2 3 11 
C-106 A-A'
THICK.\/ESS COLOR GRAIN TYPE Stromatolite collected from 
0.9 21 [I Cataract Canyon 
l.l 2, 11 I : 
0.7 4, 11 Thickness=mm 
1.6 ' 2! t! Color 1 =void 
0.9 ! 31 1 Color 2=dark 
Oil I 21 11 Color 3=light 
0.9 31 j! Color 4=black 
0.2 I 21 1 I i 
O.B I 3 1 Grain 1 =carbonate 
0.7 2 1 Grain 2=terrigenous 
1.9 2 I 1 
0.9 3 I 1 
O.B 3 I 1 
1.1 2 1 
0.9 3 I 1 
01 2 1 
1.6 3 I 1 I 
051 i 2 I 1 I 
0.9 I 3 I 11 I 
0.4 2 i 11 i 
2.1 3 1 
0.4 2 I 1 
1.1 3 1 
0.9 3 1 
0.3 2 1 
0.5 2 1 
2.5 2 1 
63 SKIPPED I 1 
1 2 1 
O.B 3 1 
0.7 2 I 1 
1.1 3 1 
1.6 3 I 1 
0.5 I 21 I 11 I 
ti 31 i ti I ! 
31 21 11 I I 
1 3 I 1 I I I I I 
0.1 I 21 ! 11 I I 
1.1 3 1 
1 3 I 1 
1.2 I 3 1 
l.l 3 1 I 
0.9 2 1 
0.9 I 31 1 ! 
O.B
I 
3
I 
1 
0.7 31 I 1 I 
O.B i 3 I ti I 
0.9 I 31 I 11 
UI I 3 I 11 
011 I 2 11 
0.9 I 3 1 
0.1 2 1 
0.9 3 11 i 
0.2 2 I 1 
O.B 3 ! l! 
0 ti I 21 I 11 
1.21 3 1 
011 2'. 1 
1: 31 1 
0.21 2. 1
0.51 4 1 
1.1 31 l ' 
11 3i 1 
1.11 3 1 
0 91 31 1 
0.81 31 1 
0.91 31 1 ! 
2 1  I 21 1 
1.1 3 I 1 I 
1 21 ' 1, ! 
0.9 21 I 1' ! 
0.5 31 I 11 I I ! 
11 21 1 
11 3 11 
0.8 2 1 
1.11 2i 1 
0.81 21 1 ! 
0.8 21 1 I 
11 31 I 11 I 
0.9 2 11 I 
1.1 3 11 ! 
0.2 4 11 
62 SKIPPED I ' 11 
3 2 11 
2.1 31 I 1, I 
0.5 2 I 11 I I 
1 3 L I 
0.21 21 l' I 
1 31 11 
0.9 2 1 
1 31 I 1 I 
17 3: I 1 
0.1 2 1 
1 3 I i 
011 2: 1 
0.7 31 1 
0.2 21 1 
1.11 31 1 I 
011 21 1 I 
2.7 3 1 ' I 
4 11 1 ' I 
0 71 31 i 1 I 
0 51 31 1 I 
I 
0 61 31 I l 
0.9 3' I l I 
0 31 31 I 1 I 
0.5 31 1 
0 31 31 1 
0 11 2, 1 
041 31 1 
01 21 1 
0 31 3, 1 
0.1 21 1 
128 SKJPPED 1 
2: 2: 11 ' 
51 ! 31 1 
' 
1.2 2: ' 11 
11 ! 31 11 I 
1.11 31 I 11 I 
11 31 I 1! : 
21 
I 21 I 1 I I 
3 31 I li 
0 11 21 1 I 
0.2 i 3i I 11 I I 
0.1 I 21 1 
2 21 1 
09 31 I 1 
0.1 2 I 1 
0.8 3 1 
0.1 2 ' 1 ' 
01 2 1 
09 3 1 I 
0.1 2 1 ; 
0 81 ' 31 1 
011 2 I 1 I 
09 3 1 
0.1 2 1 ' 
0.7 3 1 I 
0.2 3 1 I 
1.3 3 1 i 
0.2 2 1 I 
4 3 1 
0.1 2 1 ! 
1.8 3 1 I 
0.1 2 1 I 
1.6 3 1 I 
3.1 3 1 I 
03 2 1 i 
2 3 1 ! 
04 2 1 
1.1 I 31 I 1 I 
1.3 31 1 I 
0.21 2 1 I 
1.4 31 1 
0.31 2 1 ! I
1 3 1 I i 
0.11 2 1 I I 
1.31 3 1 
I 
I ' 
011 2 1 I i 
0.3 3 1 I 
0.1 21 I 1 I 
0.5 11 I 1 I 
1.81 21 I 11 
2 11 21 1 I 
11 31 : 1 
111 31 I 1 
1 31 I 1 
0.1 4 I 1 
29 31 I 1 
0 21 2 1 I 
1 31 1 I 
0.1 ! 21 I 11 I 
0 Bl 3 1 
1.7i 21 1 I 
1.11 31 1 
I 
i I 
0.21 21 1 : 
1.21 31 11
011 21 I 11 
1.1 31 11
I 
1.51 31 11 I 
2.1 2 11 I I 
1.71 2 : 11 I ! 
1 2 11
1.2 2 1 I 
3.1 3 1 I 
2.7 2 I 1 ! 
4.5 2 I 1 I I
0.1 4 : 1 
1.1 I 2 I 1 
0.1 I 1 1 
0.4 
I 
41 ! 11 I 
1.3 3 ! 11 
0.5 4 11 I I 
2 I 3I li I 
0.5 I 4 1 
0.4 3 1 
1.6 I 3 1 
0.4 I 3 1 
1.1 I 2 1 
1.2 I 2 1 
0.1 I 4 1 
1.4 I 3 1 
1 I 4 1 
11 I 3 1 
1.7 I 3 1 
0.5 2 1 
1.1 3 I 1 I 
0.6 2 I 1 I 
1.21 3 11 
0.9 4 I 1 I 
0.9 2 I 1 
1 I 3 I 1 : 
0.1 I 2 1 I 
1 3 I 1 I 
0.2 2 I 1 I I 
0.8 3 I 1 I 
0 11 2 1 
0.9 3 i 1 i 
0.4 4 I 1 
0.9 3 1 
0.2 2 I 1 I
1.3 4 1 
1.1 2 I 1 
0.2 4 1 
0.9 2 I 1 
01 4 1 I 
21 2 I 1 : 
15 I 4 1 
85 SKIPPED I 1 
1.11 2 I 11 
0.81 3 I 1, 
li 2, 1, 
111 31 I 11 
11 2; 
I 1 
121 31 I 1' 
11 31 11 
1.41 31 I li 
1.21 i 2: i 11 I i I 
1.31 I 31 1 I i I 
1.1 21 I 1 i 
2 31 I : I I 
0.2 I 21 I 
0.9 I 31 1 I i iI 
0.2 21 1 i I 
0.8 3 I ! I
0.1 2 1 
0.8 3 1 I 
0.1 2 1 I 
12 21 1 I I 
0.9 3 1 ' i I 
0.8 21 1 I i 
0.7 31 1 I 
0.9 3 1 I 
12 3 I 
2.1 31 1 
I 2 1 
1 3 I 
1.3 3 I 
11 31 1 
0.9 3 I 
0.2 2 1 
1 3 1 
0.3 21 1 
41 31 1 
0.4 31 1 I 
I 
I 
0 91 2, I 11 
011 31 11 I 
111 21 1 I I 
111 21 1 I i 
0.1 31 1 I 
111 21 li l 
0 31 31 11 I I 
121 2 11 I I 
2 21 11 I 
15 31 I I 
2.1 I 21 II I 
17 31 I II 
161 31 I I I 
121 3 11 I 
161 21 II I I 
11 31 1! ! I I 
2.7 21 11 I II 
181 21 11 I 
161 21 1
I 
I 
0.8! 2: 11 I I 
0.7 21 I I 
END OFI DATA I i I ' 
C-106 8-8' Stromatolite collected from 
THICKNESS COLOR GRAIN TYPE Cataract Canyon 
3 4 1 
1, 3 11 'Thickness=mm 
0.21 2' 1 I I 
181 3' 11 I Color 1 =void 
1 2: 1 Color 2=dark 
0.3 21 11 Color 3=light 
181 31 11 Color 4 = black 
151 31 11 
0.1 21 11 Grain 1 =carbonate 
16 31 11 Grain 2=terri�enous 
0.2 21 
,
11 
2 2 11 
11 3 I 1 ! 
0.6 2 I 1! I 
1 31 1 
04 2 1 
12 31 11 
O 11 21 11 
11 31 11 
0.2 21 1 I 
1.1 3 11 I 
0.3 2 11 
1 3 11 
I 
0.2 2 1 ' 
0.9 3 1 I 
0.1 21 1 I 
1.1 3 1 I 
0.1 21 I 11 I 
11 31 11 I 
0.1 2! I 11 
11 3
I 
1 
0.2 2 1 
0.9 31 I 11 
0 21 21 I 11 I 
0.8 31 I 1, 
0 11 21 11 I 
111 31 11 I I 
0.3 21 11 
1 31 I 1 
0.2 21 11 
11 31 I 11 
0.2 21 I 11 
12 31 I 1 
0.1 21 I 1 I 
0.9 21 I 1, I 
0.2 21 I 11 
31 I 11 
0.2 21 I 11 
1 31 I 11 
0.2 21 11 
1 31 1, I 
O 21 21 1' ; 
111 31 II I 
0.31 21 11 
13 31 11 
0.11 21 I 1 I 
0.71 3 : [' I I 
0.2! 2: ' Ii 
11 3 [, 
0.31 2' I 
131 3, 1, I I 
041 21 I 11 
111 3! I 11 
o II I 21 I 1 
1 ! 31 1 
0 11 21 I 
11 I 3! i I I I 
0.3 2 I, I I I 
0.9 3 i 1 ' I I 
04 21 1 ' 
0.3 21 1 I I 
1 31 1 
0.1 2 1 I ! 
11 3 I I 
0.3 2 I I I 
1.6 3 I I 
0.1 2 1 ' I I 
1.7 3 I : I 
11 3 I I 
1 3 1 ! 
11 3 1 ! 
1 3 1 
0.3 2 1 i 
1.9 3 1 ! 
0.2 2 1 
1 3 1 
1.7 2 I 
1 CALCITE I 
1.3 2 I 
0.5 41 I I 
1 31 1 
041 I 21 11 I I 
111 31 1 I 
0.21 2' 11 
3.51 I 31 1 I 
0 91 i 31 1 I 
0.1 I 21 1 I 
0.8 3 1 
0.1 21 1 
0 91 31 1 I 
0 21 2 1 
11 31 1 
031 21 ti 
0 91 31 1 ' : 
011 i 21 11 I 
0 Bl I 31 1 I I I 
031 I 21 I 1 I I 
0 71 I 31 1 I I 
011 ! 21 I I 
1.31 31 1 I 
141 2 1 
13 I 3 1 I 
1.2 i 31 I 
041 I 21 I I I 
61 3 1 ' 
2 11 21 1 
0.11 41 1 
1.11 3: 1 
1.31 31 [' I 
0 21 1 l, I 
1.11 3i 1 I 
11 31 1' I I 
031 31 1 
1.11 31 , 11 I I 
13 I 3 1 
03 11 I Ii 
2.1 I 3 I 1 
0.2 3 ! 1 
1.9 3 1 
0.2 1 I 1 II 
4.3 3 I 1 I '
5.1 ' 3 1 
0.1 1 1 I 
311 31 11 I 
0.6 2 11 
2.1 3 I 1 
6.1 3 1 
0.2 I 2 1 
11 2 1 
1.3 3 1 
2.2 3 1 
1.1 3 1 
0.1 I 2 1 
1.2 3 1 
0.2 I 2 1 
1.6 3 1 
0.3 2 11 
1.4 I 3 1 
0.1 2 I 1 
1.7 1 I 1 I 
1.11 31 1 I I 
031 21 1 I 
1 I 31 11 
04 21 I 11 
I 
1.11 31 11 ! 
0.2 2 I 1 I I 
1.3 31 11 I I 
0.11 21 11 I 
1.7 31 1 I 
2.1 3 1 I 
1.6 21 I 1 I 
3.1 3 1 
1.1 3 I 1 I 
0.6 2 I 1 
1 I 3 1 
0.81 2 I 1 
1 3 1 
0.81 31 I 11 I I 
1.1 3 1 
11 2[ 1 
2 71 31 1 I 
31 3 I 11 I I 
1 1 2 1 I 
0.21 2 1 i 
1 3 1 I 
0.1 2 I I 
1.1 3 1 I 
4 3 I I 
3.5 3 1 I 
0.5 4 1 I 
END OP DATA I 
D-100 A-A'
THICKNESS: COLOR GRAIN TYPE Slromalolile collecled from 
0 21 . 21 l Dry Canyon
0.51 i 31 l 
0 21 ' 21 : 1 Thickness=mm 
0.61 31 ' 1 Color 1 =void 
O 31 2i 1 Color 2=dark 
0.71 31 l l IColor 3=lighl 
0.41 21 ' l, Color 4=black 
0.5 31 11 I 
0.6 I 2 11 Grain 1 =carbonate ' 
0.2 I 3 11 Grain 2=lerrieenous 
0.5 I 21 11 I 
0.1 3 I 11 I I I I 
0.3 2 ll I I 
0.1 3 1! I I 
0.6 2 11 
0.2 2 11 I 
0.5 3 11 
0.3 2 1 
0.5 I 3 1, 
0.2 2 11 
0.4 3 ll ' 
2.1 1 l 
0.3 3 11 I 
0.1 2 1 ' 
0.5 3 1 
0.2 2 1 ' 
0.4 3 11 
0.1 2 1 I ' 
0.3 3 11 ' 
0.1 2 11 I 
0.4 3 11 
0.2 2 11 I 
0.5 3 11 I 
0.2 2 11 ' I 
0.4 3 I 1 
0.5 ' 2 I 1 
0.3 I 3 11 
0.1 ' 2 11 I 
0.4 I 3 1, I I 
2.2 1 11 I 
0.5 3 1 I 
0.2 2 1' 
0.4 3 1: 
0.3 2 1 I 
0.51 3 1 ! 
0.11 2 1 
0.41 3 1 
0 21 I 2 11 I 
0.51 3 1 
0.11 21 1' 
0.41 I 31 I 1 
0.31 I 2 1 
0 61 31 1 
0.2 I 2 1' 
O 61 I 3 1 I 
0.21 I 2! 1 I 
0.51 31 I I 
0 31 2
1 I ! 
141 3 I I 
0.21 31 1 I 
0 51 3: I. I
0 21 21 I, 
0.61 3
1 11 I I 
0.11 21 I I 
04 31 I, I ' 
0.2 21 1 I 
0.5 31 1 I 
I 
0.3 21 I! 
0.9 3 1 
' 
i 
0.3 21 11 ' 
0.7 31 Ii I 
0.2 2 I 11 I 
0.4 3 11 l 
0.2 2 11 I I 
0.5 31 I 11 I 
1.3 11 11 i 
0.7 31 11 I 
0.1 I 2 I 11 I 
0.6 I 3 I 11 
0.1 I 2 11 
0.7 I 3 II 
0.2 2 11 
0.3 I 3 i 11 
0.2 2 ll 
0.4 I 3 I 11 
0.5 31 11 
0.6 3 I 11 
0.1 2 11 
04 
I 3 I II 
0.11 2 11 
0.2 31 II 
0.1 21 II I 
1.3 11 11 I I 
0 11 21 11 I I I 
0.51 3i 1, 
0.2 2 11 I 
04 31 11 I I 
0.1 2 11 I 
0 51 3 11 I 
0 21 
' 2 11 I 
0.5 3 I l! I 
0.2 2 I 11 
0.9 3 I I' I 
0.3 2 I 11 i 
0.8 3 11 I 
0.1 2 I 1: 
0.3 3 I' I 
0.1 21 l I 
0 51 31 I I 
0.31 2 I 
2.51 1' I' 
071 31 l I 
0.51 3i l I I 
011 21 I 1' 
041 I 3, 1I 
0 21 21 1 I 
0 61 3i 1 I I 
011 21 1' I 
0 51 I 31 I ii I 
0.3 I 21 
I 11 : 
0.6 I 3 11 i 
0.11 2 11 
0.5 3 I 11 i 
0.6 3 11 I 
0.2 2 1 
0.5 3 1 
0.1 2 1 ' 
2.1 1 1 
0.3 3 1 I 
0.7 3 1 
0.1 2 1 I 
0.6 3 1 I 
0.11 2 1 
0.4 31 11 
0.2 2 11 
0.9 3 1 
0.6 3 1 
0.4 2 1 
0.2 2 1 I 
0.6 3 1 
0.3 2 1 
0.1 3 1 
1.4 1 1 
0.1 2 1 I -
0.2 3 1 I 
0.5 3 1 
0.2 2 1 
0.7 3 1 I 
0.3 2 11 I 
0.6 3 1 
0.6 4 11 I 
0.2 2 11 
0.5 3 1 
0.2 2 11 I 
0.6 3 1 
0.1 2 1 I 
0.7 3 1 
0.3 2 1 I 
0.6 3 1 I 
0.7 3 1 I 
0.1 2 1 
0.31 3 1 I 
3.1 3 1 
0.7 3 11 I 
0.1 I 2 11 
I 
0.6 3 1 I 
03 2 1 I I 
0.9 3 11 I I 
0.6 3 ti ! I
0.2 2 1 
0.5 31 1 I 
0.1 2 I 11 
0.5! 3 1 
01! 2 1 
0.21 2 1 I 
0.71 3 1 I 
031 2 11 I 
0 61 3 1' 
I ' 
0.21 ' 2 1 I 
0.5 I 3: 1, I : ! 
0.1 I 2i 11 i 
171 ! 11 I 11 I I 
0.3 i 3' 1 ! 
0.9 I 31 1' i
0.2 i 21 11 I 
0.5 i 31 I li
0.6 I 3 i 11 I 
0.1 I 2 11 I 
0.3 I 2 1 
0.5 31 1 ! 
0 I ' 
0 I I ' 
0 I I 
0 I i 
0 i I I I 
0 SKIPPED 74.5 1 i 
04 31 1 I 
0.2 21 1 
0.6 31 I 1 
0.3 3 1 
0.9 3 i 1 
01 2 1 
1.1 3 1 I 
0.1 2 1 
0.6 31 l 
0.2 2 l 
0.7 I 31 11 I 
0.3 I 21 ' 1 I 
0.81 3: l i
0.21 2: 11 I 
0.5 I 3i 11 ! I 
0.1 21 11 I 
0.5 ! 3. I 11 I 
0.2 21 11 i 
071 I 31 I l : 
1.9 11 I 11 I 
0.1 2 1 I 
0.7 3 I 1 I 
0 11 21 I 11 I 
0.5 31 I 11 
0.2 I 21 11 I 
0.8 31 
I 11 I 
0.3 I 21 I 41 I 
0.7 31 I 41 : 
0.2 i 21 I 11 
0.6 I 31 11 
0.2 2! 1! I I 
0.5 I 31 11 I I 
0.1 I 21 11 
0.51 ! 31 li ! I 
11 1 ' 1 ; 
0.1 2 1 
0.7' 31 I 1' :I 
0.31 41 I 1 I 
0 11 2, 1 ' 
031 31 1 
0.1 21 1 
0.21 31 1, 
0.7' 31 I 1: 
0.41 21 ' 11 -
0.51 3 1, 
0.31 2 11 I I 
0.71 ' 3 11 I ! 
011 ! 2 li 
1.1 i 3 11 I I 
0.3 ! 2 1 I 
0.9 I 31 11 I 
0.5 2 1 I 
0.81 31 11 I I 
' 
0 2i 21 1 I : 
0.71 31 11 I i 
0.1 I 2 11 I I 
0.5 3 ll I I I 
0 21 I 2 1 I 
0 61 I 3 1 I 
0.21 I 2 l I I 
0 61 l 3 1 I 
011 I 2 l 
0.9 I 3 1 I 
0.3 I 2 l 
0.51 I 4 1 I 
0 21 21 11 
0 51 I 3 ll I I 
011 21 ll I 
0.71 31 11 I I 
0.11 21 l! : 
0.81 31 1, I 
0.31 21 I 1 
0.91 31 I 11 I 
0 21 I 2 1 
0.71 41 1 I 
0.7 1 I 21 1 
0.51 31 I 1 I 
061 I 11 I 11 I 
0.51 21 ! 11 ! 
0.71 I 3 1. I 
0.21 I 2 1: I 
0.81 I 3 11 I ! 
011 I 21 11 I 
0.41 I 31 11 
0.21 21 1 
0.61 4 1: I 
2.61 1 l' 
0.2! 21 1 I 
0 81 31 1 I 
0.3! 21 I 11 i I l 
0.51 31 1 I 
0 2, 21 I 1· I 
0.81 31 1 
031 2: 1. 
1 1 31 1: I ' 
041 2: 1 
0 91 3: 11 I ' 
0.31 231 11 I 
0 61 31 1' 
0.1 2 11 I I 
1 31 11 
0.1 2 11 
0.8 31 1 
0.2 2 1 
0.7 31 1 
0.1 I 2 1 I I 
1.9 I 1 1 I 
0.3 I 2 1 I 
0.6 3 I 1 l 
0.2 2 I 1 
0.6 31 11 
0.1 21 1 I 
0.4 31 1 I 
0.2 2 ' 1 I 
0.5 3 I 1 
0.3 I 3 i 1 I 
0.5 I 3 1 I 
0.2 I 2 1 
0.7 I 3 1 I 
0.1 I 2 1 
0.9 3 I 1 
0.1 2 I 1 
0.8 3 I 1 I 
1.7 I 1 1 
0.9 3 I 1 I 
0.2 2 1 
0.7 3 I 11 
0.3 2 1 
0.5 3 ' 1 
0.2 I 2 11 I 
0.5 3 1 
0.1 I 2 11 
0.7 3 11 I 
0.2 2 11 
0.8 3 11 
0.2 I 2 1 I 
0.7 3 I 1 
0.3 2 11 
0.9 I 3 11 
0.2 2 I li
0.5 3 11 
0.1 I 2 1 
0.41 3 1 
0.11 21 1 
0.5 31 11 
2 1 I 1 
0.5 31 1 I 
0.3 2
I 
1 
0.6 31 11 I 
0.4 3 I 1 I 
0.1 2 1 1 I 
1 31 1 I I I 
0.2! 2! 1 I 
0.81 3, I 1 I I I 
01' 21 I 1 I I 
0.81 3: 11 I 
0.31 21 11 
0.61 31 1 I 
041 I 21 1! I 
0.71 I 3 11 
0.31 I 2 1' 
041 I 31 11
O 31 2 1 I 
O 71 ! 3 1 i 
0 11 2 1 I 
11 3 1 i ' 
011 2 1 ! 
0.81 31 1 
0.21 I 2 1 I 
031 I 3 1 I 
0 61 3 1 
0.21 I 21 11 I 
111 I 3 1 
0 31 I 2 1 I 
0 71 3 1 
0.21 I 2 1 ' 
21 3 1 
011 2 1 
0.31 3 1 
2 91 1 1 
O 91 3 1 
0.31 2 1 
071 3 1 
2.61 1 1 
O 51 3 1 
0.11 21 11 I 
0.71 3 li 
0.21 21 11 I I 
0.81 I 3 11 I 
031 2 11 I 
0.51 3 11 
011 I 2 1 
0.71 I 31 11 
011 I 2 I 1 
1 i 31 I 11
0.2 1 21 11 
1' I 31 11 I 
0.61 I 21 11 I 
0.81 I 31 11 
0.21 21 11 I 
31 I 3 1' 
011 I 2 11 I 
0.91 31 11 
O.li I 2! 11 I 
1 31 11 
0.61 3 11 I 
0.71 31 1! 
011 2 11 I I 
0.61 3i 1: ' 172 
0 31 2: 11 
0.51 31 1: 
0.2! 2: 1: 
0 51 3! 1[ 
171 ' ti ' 1! I 
0 31 21 11 
0 71 ' 3 
I ti 
0.21 2 I I I I I 
0.8 I 3 11 ' 
0.1 2 I I 
0.6 3 I I I 
0.1 2 I 1 
0.7 ' 3 1 ' I ' ' 
0.3 i 2 I 1 I 
0.6 I 3 1 I 
0.2 2 1 I 
0.6 I 3 1 
0.5 2 1 I 
0.8 31 1 
0.1 21 I 
0.3 3 1 
0.9 3 1 I 
0.1 2 1 
1.2 I 1 
0.1 2 1 
0.3 3 1 
0.2 2 1 I 
0.7 3 1 
0.2 2 1 
0.7 3 1 
0.3 2 1 I 
0.5 3 1 ' 
0 21 I 2 1 
0.6 3 1 
041 I 21 I 1 I I 
0.51 I 3 I 11 I 
0.3 2 1 
0 51 3 I 1 I 
0 11 2 ! 1
04 3 ! 1
0.1 2 1 ' 
0.7 3 I 1
2.1 1 1
0.2 I 2 1
0.9 3 1
0.2 2 1
0.7 3 1
0.31 2 1
0.7 3 11
0.1 I 2 11
0.11 2 ti
0 51 3 1
0.3 2 1
0.5 3 1
0.2 2 1 I 
0.6 I 3 I ti
0.1 I 2 i 1! I I 
0.5 3: 1 
0.1 2: 1 I 
2.7' I. I
0.3: 2 I I I 
0.71 3' I I I I 
0.3i 2i I I I 
0.81 31 I I 
0.2i 21 I 
o 9I 31 I 
0.3 2! II 
I 
I 
0.1 21 11 I ' I I 
0 71 31 li I 
0 21 21 I 11 I 
0.71 31 I 11 I I 
0.21 21 ! 11 I i i 
0.41 3 I! 
I ! ' 
0.11 21 I 11 : 
0 51 ' 3 II I 
0.1 2 11 i 
o 6I 31 I, 
191 11 I I 11 I !
'
0.61 31 I II I I 
0.4 2 li 
0.7 3 11
2.1 41 11 
0.8 3 11 
0.2 2 11 
I ' 3 II 
0.1 2 II 
0.9 3 11
0.1 2 11 
0.7 31 I! 
0.2 2 II I 
0.7 3 II : 
0.1 21 II I I 
0.61 31 I I I I I 
0 31 3' I I 
0.71 31 I I I 
031 21 I I I 
II 3I I I' I 
171 I ! I ! i 
I! 11 
I 1 I I I 
1 1 2 1 i 
0.9 31 I I 
0.5 21 I I 
0 91 31 I 1' 
11 31 ! 1 
I' 21 I 1 I ' 
031 21 I I I I I 
0.7 3I 1 I I 
0.61 21 1 i I 
0.71 31 I 1 i 
0 21 21 I 1 I ! 
2 I I 11 I 1 ! 
0 21 21 I I I I 
0.5i 31 1 I 
0.11 21 I 1 I ' 
04I 31 
' 
1 I I 
0.1. 2! I 
0.51 3 1 1 
0.2 2; 11 I 
0.7 3 I I, i 
0.3 2 I ' 
0.8 31 I I 
0.1 2 I I I 
0.4 I 3 i I I 
0.3 I 2 I I 
1.7 II I I 
0.2 I 2 1 i 
0.81 3 I 11 I 
OIi 2 I 1: I 
0.61 31 I! 
0 21 2 I II 
0.5 3 I 
0.2 I 2 I I I 
0.5 3 I I i I 
0.3 2 I I 
0.7 I 3 I 
0.2 2 I ! 
I I 3 I 
0.1 2 I I I 
0 91 3 I I 
0.11 2 I I ! ' 
1.7 4 II I I 
2.1 I I I 
0.71 21 I I I 
0.6 31 I I I I 
0 Bl 21 I ll I 
I 
I 31 I II 
0.21 21 l I 
071 3 l I 
OIi 2 II I 
0.6 3 I I I 
Q 11 1 2 I I I 
0.51 I 3 II ! 
O 31 I 3 I i 
0.51 3 I 
Oil 2 I I I 
0 61 3 I I I 
O 21 21 I II I I 
171 I I! I 
END OFI DATA I 
D0-103' ! 
THICKNESS COLOR GRAIN TYPE Stromatolite collected from ' 
lli 3, 1 Donation Canyon 
18I 2, ! 
131 31 1 Thickness=mm 
0.5 21 11 Color 1 =void 
031 3! 11 , Color 2=dark 
0.21 21 11 I , Color 3=li)!ht 
0 31 31 ' 1: Color 4 = black 
0 11 21 1 I I I I 
03I 3I 1: Grain 1 =carbonate 
0 2\ I 21 I 11 , Grain 2=terril!enous 
0.3 i 3 1! I i I 
0.2 2 I ti I I 
04 I 31 i 11 I I 
0.2 2 I 11 I I I 
0.3 : 3 11 I i I I 
0.2 I 2 1 I 
0.3 3 11 I I 
04 21 11 I I I 
1 31 I 11 I I I I 
0.61 2 I 11 ' I ! 
04 3 I 11 i 
0.1 21 I 1 I 
0.3 31 li I I r 
0.2 I 2 11 I 
09 I 3 1 
11 I 2 I 1 
0.9 3 1 
0.3 I 2 I -
I I 0.8 I 3 I 
0.3 I 2 1 
0.5 I 3 I I I 
0.2 I 2 11 I I i I I 
1 I 31 I II I l I I 
041 2 Ii !
I 31 I
' 
04I 21 1: 
0.81 31 1 ' I ' 
03 21 ' 11 
11 3 11 
I 
0.5 I 2 I I! I I 
' 
0.8 31 I 11 I I I I 
0.6 I 2 11 I I 
0.8 • 3 I 11 I
04 I 2 I II I 
I ' 31 I II i 
041 21 I II 
11 31 I I! I I 
0 21 21 I 11 I 
0 8\ 3 JI I 
0.2 2! 11 ! I 
1 31 11 I 
031 21 I I 
111 31 !' 
0.5 21 I li 
Ii 
I 31 Ii I lI 
031 21 11 
11 3 1 
041 2 1 I 
1. 3 l I 
031 2 l I 
2.3 3 1 
2 1! 2' 1 
0.81 3 1 I 
031 2' 1 I I 
0 91 3, 1 I 
0 21 2 L I I 
0 61 31 L I I 
0.21 2: 1 I I I I I 
0.81 3 [, I I 
0.3 21 11 I 
0.91 31 11 I I I I 
0.5 21 li I 
1 31 11 I i I 
0.5 21 I 11 I 
0.81 3' 11 I I 
0 31 2' 1 
0.81 3 1 
0 21 21 11 I I I 
1 31 11 
0.3 21 I 1 I 
11 31 11 
0.5 2 1 I I 
09 3 1 I 
04 2 I 1 I 
1 31 1 ! I
0.3 2 ti i -
111- 31 1I I 
041 21 l' I 
0 61 31 11 I 
04 21 11 
031 31 1 I I 
0.21 21 1 I
041 31 1 
0.51 2 1 I 
0 31 3 11 I I 
0.2 2: 1, 
0.3 3 11 I 
0.1 2, 1 I I I 
0 51 31 Ii I 
0 31 21 li I I 
0.6 31 11 I I 
04 21 [I I 
0.91 31 1 I I I I I 
0.3 21 1' I
0 51 31 1' I i 
041 21 [1 I I 
0 61 31 1 I I : I I
0.41 21 1 
0 51 3 1 I I 
0.41 2 1 I 
0 61 31 1 I I I 
0 31 21 1 I i 
0 71 31 1 
0.21 21 1 I I i !
0.61 
051 
O.Bi
0.51
0 7,
03:
0.91
041
0 51
041
041
O 51
041
0 21 
211 
031
0 21 
0 31 
0 21 
0 51 
0 51 
0 21 
0.61 
0.51 
0 61 
031 
0.61 
0 91 
041 
0.21 
0.51 
0 21 
0.51 
031 
0.61 
0.51 
041 
0 51 
0 51 
0 61 
O 91 
0 61 
11 
0 51 
0 91 
041 
0 51 
0 Bl 
041 
11! 
11 
111 
041 
11 
181 
' 
: 
I 
3 
2 
3 
2 
3 
2 
3. 
2 
3 
2 
3 
2 
21 
2'. ' 
31 I 
21 
31 I 
2: 
3 
2 
3' 
21 I 
31 I 
21 I 
31 I 
21 I 
31 I 
21 I 
31 
21 i 
31 I 
21 
31 
3 
2 
3 
2 
4 
2, 
3 
2 
3 
2: 
3 
2. 
3 
2, 
3 
2 
3 
2, 
3 
2 
3 
2 
11 
1: ' 
11 I 
1: 
11 I 
11 
1 I 
II 
11 i 
11 
1 i 
11 
11 I 
1 I 
11 
11 
1 I 
1 I 
1. '
11 I 
I! : 
11 I 
11 I 
11 
1 I 
11 I 
11 I 
11 
L I 
1 1 I 
11 i 
11 i 
11 I 
11 
I 
I 
I 
i 
I 
I 
I 
i 
I 
I 
I 
I 
I 
1 31 1 
0.5 21 1 
1 31 1 
1.3: 21 1 I 
2.1 31 1 I 
0.4, 21 lt I I 
1.41 31 1 I I 
0.81 21 1 I 
0.5, 31 1 I ' I 
0.81 21 1 I : 
0.31 3 11 I : 
0.51 2 11 ' 
2.61 3 1 I : 
041 2 1, I ! I I 
0 31 3 I 11 ' 
041 2 l I I I 
0.31 3 I 11 I I 
511 SKIPPED ' 1 I 
11: 2 1 I I I 
0.31 3 l ' I 
121 2 1 ' 
0 51 3 1 ' I I 
!Bi 2 i l 
0.31 2 l 
0 91 3 11 I 
1' 2 1 I 
0.61 3 ' 1 
0 51 2 1 I 
0.91 3 1 I 
0.31 2 1 I 
,-.. -
0 51 3 1 
0 21 21 1 I 
0.61 3 1 ' 
0.31 2 1' 
0.7! 3 1 
0.31 21 1 
1 31 1 ' I 
0.81 2 1 I 
0 5, 3 1 I I I 
11 2 1 ' I I I 
0.7' 3 1 I i I 
0.3 4 1 ' I I 
041 3 1 I 
0.31 2 ' 11 I 
0.11 3 I 1 
0 21 2 I 1. I I 
0.11 3 11 I
0.31 2 1 I I ' 
0.91 3 ' 11 I 
0.41 2 11 I 
0 81 3 11 ! I 
0.41 21 11 I 
0.91 31 11 ' I 
0.5, 21 1 I I 
0.81 31 1 I I I 
0 51 21 1 I I 
0.91 3 I 11 I I I i 
0.41 21 1 I 
0.71 
111 
0.91 
0 31 
0 21 
0 9i 
0 91 
111 
04 
3.1I 
381 
1.31 
1.5 
3.1 
0.3 
3.8 
0.5 
3.9 
0.6 
3.71 
0 91 
0.3 
0.8 
1 
0.9 
0.5 
1 
04 
0.7 
0.3- -
0.6
0.3 
0.9 
0.5 
04 
0.3 
0.5 
0.2 
0.8 
0.31 
0 Bl 
04 
0.2 
0 21 
0.9 
0.2 
0.51 
04 
0 61 
LB 
0.8 
0.21 
0 61 
041 
0 51 
0.21 
0 51 
0.21 
3 
2 
3 
2 
4 
2 
3 
2, 
3 
2 
SKIPPED 
I 
i 
I 
I 
I 
I 
-- -
I 
I 
41 
2: 
21 
31 
21 
31 
21 
31 
2: 
3' 
2: 
3' 
21 
31 
2: 
31 
21 
31 
21 
31 
21 
31 
21 
3, 
2 
3 
2 
3 
2 
3 
2 
3 
2, 
3 
2, 
3 
2, 
3' 
2 
3 
2 
3 
2 
3 
2 
3 
2 
1 
1 I 
1 I 
1 I 
1 I I 
1 I 
1 I I 
1 I I 
1 i 
1 I 
1 I 
1 
11 
1: I I 
11 I
11 I I 
11 I I i 
11 I 
1! I 
1 I 
1 I ' 
11 
11 I 
11 I 
11 I 
I 11 I
11 I 
11 I 
11 
11 --
11 
11 I 
11 
! 11 I I 
11 I
li 
1' ' 
11 
11 
11 ' 
11 I
11 
11 I I 
' 11 
11 I 
1! 
1! 
11 
11 
11 
11 
11 
1: 
11 
11 
11 
l' 
1' 
0.4, 3 11 I 
0 11 2 1: 
0.61 31 1. I i I
0 21 21 J, i ! 
0 51 31 1 I ' 
0.31 21 1: I : 
0.51 31 I 
0.21 2 1' ' I I 
0 5, 31 I I ' 
0 21 2! I 
0.31 3 11 I 
0.9 2 I I ! 
0.8 3 1 i I ; 
0.2 2 i I! i I I I 
0.3 3 I 1 I I 
0.2 2 I 1 I 
' l 
0.5 3 I I I I 
0.2 2 1 i I 
0.41 3 ' II I 
0.11 21 I I 
0.41 3l I ! I 
0.2 2 I ! I I 
0.5 31 I 1 ! i 
0.3 2 I I I 
0.3 I 3 I 1 I ! 
0.2 2 1 I 
0.4 I 3 1 I 
0.2 I 2 I 
O 61 I 3 1 I 
11 I 2 I I 
0.7 3 1, 
0 21 2 II ' I 
0.5 31 II I 
0.2 21 1 II
0.41 3 1 I 
0 21 2 ' 11 
0.5 31 I, I 
0 21 21 II I I 
0 31 3 I I 
0.11 2! 1: 
' 
I I 
0.4 3 11 I 
0 21 2 11 I
0.41 31 11 ' I I 
O 21 2 I 11 I 
0.3 3 II I I 
0 21 21 1 
'
0.2 3 II I 
O 21 21 I I I 
0.4 3 ' II I I 
O 21 21 11 I 
0 5! 31 1' 
0.21 2! 1' I 
0.41 31 I I 
0 21 21 I I 
0 61 31 1: I 
O 21 21 11 
0.5 31 11 I I 
11 31 II I 
16 
191 
1.7 
0.71 
0 21 
0.81 
0.11 
0.7 
0 21 
0 61 
0.2 
0 71 
031 
0.5 
04 
I 
041 
0.9 
031 
041 
0.2 
041 
0.2 
0.5 
0.2 
03 
0.2 
04 
0.2 
12 - --
03
2.2 
0.3 
04 
� 
0 61 
04 
311 
041 
2.7 
041 
1.3 
041 
1.2 
11 
7.8 
2.1 
0 Bl 
0.6 
041 
0 61 
0.21 
0 71 
0.21 
0.61 
0 21 
0 71 
0 21 
0.61 
2 
3 
2 
3 
2 
3' 
2 
3 
2, 
31 
2: 
31 
21 
31 
21 
31 
21 
31 f 
21 
3' 
2 
3, 
21 
31 
21 
31 I 
21 
31 
21 
21 
41 
21 
31 
2! 
31 
21 
2' 
31 
2! 
31 
21 
31 
21 
31 
SKIPPED 
4, 
2, 
31 
2 
3; 
2: 
31 
2 
3, 
2 
3 
2 
3 
i 
1 
1 
1 
1 I 
1: f ; 
1: f I 
11 I I 
I 
li I I 
11 I I I I 
11 I i I 
11 I I 
11 I I I 
11 I I I 
11 I I I ! 
1 
11 I I 
1 
li ; 
11 I I 
11 : 
11 I I I 
11 I 
!I
1 I ! 
1 
1 
II 
1 
II I I 
I I I 
II I 
I I 
11 I i 
1' I I 
11 i I 
li I ! 
11 i 
11 I 
11 : I 
11 ! 
11 I 
11 I 
11 I ' I 
11 
1 
11 I I i 
1' ! I
II f I I I 
1 I 
1 
1' 
1 
1 
11 ! I I 
11 I 
1' I I I 
0 2, 2 1 
0.7 3, 1 I 
0.1 21 1 I 
0.5 3 1. :
0.2 21 1 i 
0.61 31 1 
031 2 1 I 
0.6, 3, 1 
0.21 21 11 I 
0.7 1 3, 1' ; ! I 
0.2: 21 1 I 
0.61 ' 31 11 I 
0 21 2 I 11 I I 
0 71 3 11 I I 
031 2 11 i I i 
0.61 3 11 I i ! 
0.21 2 I 1 I 
0.71 3 1 I 
0.31 21 ti I 
0.61 3, I 11 I 
0 21 2, I 11 
0.81 31 1 
0.21 21 11 I 
2 11 2 1 I ' 
11 3 1 I I 
0.81 2 1 I I 
11 31 1 I I 
2 31 2 1 I I 
0.41 3 I 1 I 
0.41 2 1 I
0.91 3 I 1-r
-- I I ' 
0.51 2 1 I 
1 31 1 I 
0 91 21 I 1 I 
041 31 1 I ' I 
0 61 21 I 1 I i 
041 31 11 
' 
031 21 ti I 
041 31 11 ' I 
031 21 1 I 
0 51 31 11 I 
0 2, 21 ti I 
0.51 31 11 ! 
0 21 21 11 I 
0.61 31 11 
0.31 2 1 
0 51 3 11 
0 21 21 1 
0 61 31 11 
031 21 11 
0.51 31 11 
0 2, 21 11 
0.5 3' 11 
0.2, 21 1 
041 31 1 I I I 
0.11 21 11 I I 
0.5' 31 1 ! 
0.21 2'. 11 I I 
04 3 I 1 I 
0.2 2 I 1 
0.5 3 1 
0.3 2 I 1 
0.5 3 I 11 
04 2 1 
0.3 3 1 
0.2 2 1 ---,-- ' I 1 3 1 
0.3 2 11 I 
0.9 3 I 11 '
04 2 1 
4 11 I 
END OF DATA I I 
Ml-100 
THICKNESS, COLOR GRAIN TYPE Slromalolile collecled from 
1, 2 1. Miners Hollow
131 3 1 
0.5i 2, 1 Thickness=mm 
11. 3 II Color I =void 
0 21 2 11 Color 2=dark 
1 3 11 Color 3=1ighl 
I 3 11 Color 4=black 
041 2 II : 
12 31 11 Grain 1 =carbonate 
0.8 21 11 Grain 2=lerrigenous 
13 3i I 
0.9 21 I I I i 
12 3i I I I 
1.3 I 21 I 
0.7 31 I I 
LI 21 I 
12 3 11 ! I
0.51 2 11 ; 
1' 3 II i 
0.61 2 1 I 
I I 31 1 I 
18 21 I I I 
11 31 I I 
II I 31 I I 
1 I 31 I 
0.51 ' 21 I 
0.8 31 I I 
0.6 31 I I 
0.9 31 I I I 
041 21 II I 
II 31 I I I 
031 21 II I ' 
0 91 31 II 
0 51 21 I 
0 Bl 31 11 
LI 3, II I 
II 31 II I 
0.1 21 I I 
0.91 31 I I 
0.1 2, II I 
0.8 31 II I 
0.2 21 II I 
II 31 II I 
0.1 21 I 
0.8 i 3! II 
OIi 21 11 I 
0.7 31 II I 
0 21 21 Ii I 
0.81 31 II 
O 21 2 I 
0.8 31 I 
O II 2' I I 
0.91 31 II I 
0 11 2, II i I 
0.8 31 I' 
0.11 2! I ! I 
1 3 1 
1 2 1 I I 
1 3, i 
I 
0.1 2 I 1 ' 
0.9 3 1' I 
0 81 2 11 I 
1.91 3 I 1 
0.5 2 I 1: 
1 3. 11
04, 2 11 I ! 
1.1 31 11 l i
0 5i 21 I 11 I i 
0.91 31 I 11 I I 
0.21 21 1! I 
0.91 31 11 ! ! 
0.91 21 11 I 
1.11 31 11 I 
0.21 I 21 11 I I 
1 31 11 
0.61 2 I 1 I 
1 31 1 I I 
031 2' I 1, : 
11 31 11 
0.21 21 1 I 
031 I 31 1 
0.51 21 1 I 
0.81 I 31 1 I 
0 21 I 21 1 
11 I 31 1 I 
1.11 21 1 
11 31 11 
0.21 21 1, 
0.91 31 1' i 
0.31 21 11 
0.71 31 11 I 
0.1 2! 11 I 
1 3: 1' I 
0.5! 2' 1 I 
1.51 3 I 1' I 
0.21 21 1 I 
1.1! 31 11 I 
01: 21 I 11 i 
0 9, 31 1 
0.81 21 1 
1.91 31 11 
041 21 I 11 I I 
0.7 31 1' I 
0.21 31 1, I I 
1 31 I 11 
0.5i 21 I 1 
1 31 1 I I 
0.2: 21 1 I 
0.9' 3 I i: I 
0.2' 21 1 I I I 
1.1 31 I 1 I 
0.7 21 11 
1.1 31 1 
0 21 2' 1 I ; 
0 9i 3i 1! I 
011 2! 1 
1.1 3' 1' 
0 6i 21 1, I 
11 3i 1 I 
71 I 21 lj I i 
1' I 31 1 I 
0 91 I 21 11 I I 
6 I 31 1 
1 I 31 I 1 
011 i 21 1 I I 
0.61 I 31 I 1 I I 
0 21 21 li : ; 
0.8 I 3 I li 
0.2 I 2 1 I 
0.8 31 1 
1 21 1 ! 
1 3 1 
0.3 2 i 1 I 
0 91 31 11 I 
0.9 21 1 I 
0.5 31 1 I 
01 2 I 1 i 
0.6 3 1 I 
0.1 2 I 1 I 
4.3 21 I 1 ! I 
0.6 3 1 
0.1 2 1 I 
0.8 31 1 I 
1 2 1 I- - -
3.7 3 1 
0.2 2 I 1 I 
1 3 1 I 
0 1 21 I 1 
0.9 I 3 I 1 I 
0.1 2 1 
0.9 31 11 I 
31 31 1 
0.9 3 1 
011 I 21 11 I 
0.51 3 1 I 
0.81 2 I 1 
1 I 3 1 
0.21 I 2 1 i 
11 31 I 1 
0.1 2 1 
121 I 3 1 
0.3 I 2 1 I 
11 31 1 I 
0.21 21 1 I 
1 1 31 11 
0.1 I 21 I 1 
0.8 I 31 11 I I 
011 I 2! I 1 
0.9 I 31 1 
11 I 21 I 1 i 
0.5 3 1 i 
011 I 2i I 1 !
0.7 3 
0.1 2 1 
0.91 3 i 
0 2, 2 1 
O.Bi 3 1 
0 1' 2 1, ' 
0.51 3 1 I I 
0 11 2 1 I 
0.61 3 Ii I 
021 2 ' 11 I 
0.5 31 ! 11 ' I 
16 2: I 11 I 
8 31 I 1 I I 
0.5 2 1 I 
11 31 1 I 
0.8 2 1 
0.6 31 I 1 I 
0.1 2 1 
0.8 31 1 I I 
0.11 21 11 
0.91 31 11
I I 
0.1 2! I 11 i I I 
0.6 2 I 11 
0.4 31 1 
0.5 21 1 
17 I 3 1 
0.8 2 1 
0.4 3 1 
0.1 2 I 1 
0.9 3 1 -
0.2 2 1 I 
0.6 3 1 I 
111 2 I 11 I 
0.71 31 I 1 
0.1 21 I 1 
0.6 31 11 I 
0.21 2! I 1 I 
1' 31 1 I 
131 21 11 I 
161 31 1 
1' 21 I 1 I 
1 31 1 I I 
0.21 2: I Ii I 
0 91 31 I 11 : I 
011 21 I 11 I I 
0 Bl 3: 1 II 
o 1 I 21 I 1 I I I 
11 3, 11 ' I 
O 1 I 2: Ii I I 
1' 3: I 11 I 
0.21 2: 11 I I 
0.91 3' I 1 I 
0.21 2. \! I I 
0.91 3: 11 I I 
0.3 2 1: 
1 3 I 1: ' 
0.41 21 I 1 I 
0.91 31 I 11 I I I I 
l.2 21 1 
1 1 31 I 1 I 
11 I 2 Ii I 
1 1 I 3 li i I I
0 31 21 I 1 
1 I 31 1! I 
0 31 21 I 1 I 
0.9 31 1 
0 21 21 11 
ti 31 11 I I 
0.2 2 1 I I I I 
I 3 I I 
0.2 ! 2 I I I I 
I.I i 3 1 ! I 
0.2 2 1 I : i 
0.5 3 1 I i I 
0.2 I 2 I I I I 
0.9 3 1 I I 
0.2 2 1 I I 
0.91 3 1' I ! 
0 ! I I 21 I 
0.81 3 II I II 
0.1 2 I I I 
0.9 3 I I I I 
0.2 2 l 
0.8 3 I I 
0.2 2 1 
0.9 3 l 
0.9 2 I 
0.5 3 l I ---
0.1 2 I 
0.5 3 II I 
0.2 31 11 I I 
0.8 3 11 I 
0.2 2 II 
0.7 I 3 I 11 I I 
0 11 I 2 I ll I 
I I 3 I 11 I I I 
0 21 i 2 II I I 
0.9 I 3 ll I 
0.1 2 I 1 I 
1 3 I II I 
1 2 1 
0.8 3 11 I I 
0.2 2 1 I I I I 
0.7 3 11 I 
0.1 21 11 I I 
0.9 3 11 I I 
0.2 2 11 I I 
0.9 3 11 
0.2 21 11 
l I
1 3 11 I I 
I.I 21 11 
3.2 I 31 11 I I 
1 2 I II I I 
0.6 3 11 I I 
0.1 21 I II I I 
0.9 I 3 1 1 I 
0.2 2 1 -
1 3 1 
0.1 2, l 
0.9 3 1 
0.2' 2, 1 ! 
0.9 3, 1 
0.1 2; I 1 ' 
0.81 3 1 I I I 
0.7 21 1 I 
0.81 3 11 I I I 
0.21 2: 1 I 
0.7' 3 1 ' 
0.51 21 1 I I ! 
0.31 31 I 11 I II I 
011 2 I 1 I i 
04i 3 I 1. I 
0 1 i 2 1 I 
0.31 31 I 11 
0.61 21 I 1 i 
1.1! 31 1 
2.6! 21 1. I 
0.91 31 11 
0.21 21 11 
0 Bl 3 I 11 
0.21 2 I 11 
11 3 I 11 
0.21 2 I 11 I 
0 91 31 I 11 I 
0 11 2 I 11 I 
1! 31 I 11 I--
ogj 21 I 11 
0.51 3 I 11 I 
0 21 2 I 11 I 
0.61 3 I 11 I 
031 2 11 I 
1 31 1i I 
0.2' 21 1' I ' 
0.91 3' 1' I 
0 2: 21 11 I 
1, 31 1 I 
0.31 21 I 11 I I 
0.91 31 ' 11 I I 
011 21 I 11 
0.81 31 I JI ' I 
0.21 21 I II I I 
1.1' 31 I' I I 
0.51 21 I I II
0.51 31 I, I 
0.21 2 11 
0 91 3i I I ' 
0.21 2' 1: I 
0.81 31 I I I 
041 2 11 I I 
0.81 31 11 I I I 
0.J I 21 11 I 
0.91 31 JI I 
0.21 21 1 i I 
0.9 31 I I 
0.1 
I 
2 11 
0.61 3 1 
0.21 2! 1! 
0.81 31 1' 
0.11 21 I 1: I 
0 61 3, 11 
011 21 ' 1, 
0.6 I 3 I 1 ' 
041 21 1 
0.91 I 31 1 
0.2 2! 11 
0.81 ! 31 11 ' 
0.2 I 21 I 1 I 
0.6 3 I li I I ' 
0.3 I 21 1' 
1 31 1 I ! ! 
0.2 2 1 i I I 
0.9 3 1 
0.2 2 1 I 
1 31 11 
0.3 2, I 11 I I 
1 3 11 I 
0.2 2 1 l I 
0.9 3 1 
0.3 2 1 
0.8 3 1 
1  2 I 
11 3 1 
0.2 2 1 
1 3 1 
I I 0.1 2 1 
0.8 3 1 I I 
04 2 I I 
o 9I 31 I I 
0 21 21 I I 
1 3 11 
0 21 I 2 11 ' I 
0.91 3 11 
031 2 I 11 I I I 
1 1 I 3 11 I I 
031 I 21 I I I 
0.8 3 1 i ! I
0 1 2 I I I 
0.7 3 1 I 
0.2 21 1 I I 
6.7 3 1 I I 
0.3 21 1 I I i 
0.6 3 1 I ; I 
0.1 2 1 i I 
5.1 3 1 I 
0.61 21 1 I I I 
0.91 31 11 I I I 
0.2, 21 11 I I ! 
11 31 I 11 
0.21 21 I 1 I 
11 3 1 I 
0 21 21 1 I 
o.91 I 31 11 I 
0.1 2 1 
1 3 1 
0.2 2 1 : 
1 3 1 
0.31 2 1 
0.21 2 1 I 
0 51 3 1 
0.21 2, 11 I I 
11 21 I 11 
7 51 3: 
I 1: 
0.5 2 11 I 
0 51 31 1 i ' 
0.3 21 11 I 
0.8 3 I 11 
0.2 2 I 11 
0.9 31 I 11 I 
0.11 21 I 1 i 
0.91 I 31 1 
0.1 21 11 
0.8 3 I 1 i 
0.2 21 i 1 
0.8 31 1, 
0.3 2! 1 
1 I 31 I 1 
0.2 I 21 I 1 
6.9 3 1 
0.8 ' 21 I 1 
0.4 3 ' 1 
0.6 I 2 1 
4.9 I 3 1 -
11 I 21 1 
4.5 I 3 1 
0.5 I 21 1 
1.1 I 31 1 I 
0.3 21 I 11 
O 91 3! 1 
0 51 21 11 I 
0.81 31 I 1! i 
0.21 2! Ii
O 71 31 1 
021 21 11 i 
0.9 31 I 1 
0.8 I 31 I 1 
0.1 21 1 I 
0.6 31 11 I I 
0 11 21 11 I I 
0.51 3 I 1 ! 
0 21 21 ! 1 I 
1 31 I 1I
0.3 ' 21 I 1 I 
0 Bl 3 11 
0.1 2 I 11 I I 
0.9 3, 1 I 
0.5 2 I 1 
1.11 31 11 I 
0 21 2 I 11 I I 
1.31 3 11 
0.9 2 11 I 
0 81 I 31 I 
0 2! I 2: 1, 
041 I 31 I I I 
011 2. I
0.51 I 31 I Ii I 
0.11 2! !' 
0 61 31 I 1 
0.11 21 I 
0.5 3, 1. 
0.5 21 I 11 
3 31 11 
0.91 21 I
1 31 II I 
0.2 2 1 I I 
0.9 3 1 i 
0.2 2 11 l 
1 3 1 I : 
0.8 2 1 I 
0.5 2 1, I 
0.1 21 I 11 
0.3 31 I 11 I 
0.2 21 1 I I I 
1 3 I I 
0.2 2 1 I I 
11 3 I I ! 
0.3 21 I I 
0.9 3 I I 
0.2 2 1 ---
I 31 1 ! 
0.5 1 1 --
0.8 3 1 I 
0.2 2 II I I 
0.5 3 II I I 
0.1 2 I I i 
0.9 31 11 I I I 
O 91 I 21 I I I 
3.1 31 11 I 
0.21 21 11 
O 91 31 I 1 I 
1 31 II I 
031 21 1 ; 
2.11 31 1 
0.8 4 11 : I I 
6 31 11 I I I 
04 21 11 I I 
2.9 3 II I 
36 SKIPPED I II I I 
0.5 3 I I 
0.1 2 I I I 
I 3j II I 
I I I 
0.2 21 I 
0.91 3 II : I 
0.3 21 I II 
0.9 3 I I ' 
0.2 2 I I 
11 31 II I I 
0.3 2 II I 
11 31 11 I I I 
1.91 2' 1 
0 Bi 3' 1 
0.2: 2' 1 
09 3 1, 
0.1, 2, 1 : 
0.91 3, 1, I 
0.21 21 I 1 I 
0 Bl 31 I 11 i 
0 11 21 11 I 
0.91 31 I 11 i 
0 21 I 2 II I I ' 
I I 31 i I : 
0.2 21 1 11 ! I
I I 31 I I I I 
0.li 2 ! Ii
0 Bl 3 I I 
0.1 2 I I I 
0.7 3 I 
0.2 2 I I 
0.91 31 II I I I 
0 21 21 1, ' 
0.6 3 I I I 
0.8 2 I I I I 
1.11 3 I I 
0.2 i 2 I I 
1.1 3 I 
04 I 2 I I 
I 3 1 ! 
0.2 I 2 1 i 
04 3 1 I 
0.8 2 II I ! 
11 3 II ! I
0.2 2 I 
1.1 3 I I 
0.21 I 2 I I 
II 31 JI 
0.2! 21 II 
0 61 31 1 
0 21 21 1: ! 
09 31 I' I I 
0.2 2 II I 
0.61 3 II I 
04 I 11 ' 
0.6 3 I I I 
0.2 I 2 I I : 
0.5 3 II I 
0.11 21 I. 
0 71 I 3 1 
0.2 21 11 
0.8 31 I II 
0.11 2 I 11 
1.1 I 3 I 
0.21 2 I I 
0 61 31 11 
0.11 2 11 
0.8 3 1 I 
0.2 2 1 
I, 31 11 
041 1 1, 
0.81 3 11 I I 
0 31 1 li 
0.61 3 1' 
0.21 1 11 I 
0.91 3' I 1 ' I 
0 51 I 21 1 I 
111 I 31 I 11 
0.31 2! i 1 I 
11 31 11 I I 
0.21 2 11 I I 
0.81 3 11 I 
0 11 2 11 
0.71 3 11 ' 
0 11 2 1 l 
11 I 31 I 11 I I 
0.31 ' 21 I 11 i 
O 51 ' 3 I 1 
O 31 I 21 I 1 I 
04I 3' I 1 
0.61 2 I 11 I 
I, 3, ' 1! I 
0.2\ 2 I 1 
041 31 1 
0.11 2 11 
0.51 31 ll I 
0.21 21 11 
31 31 11 I 
0.21 1 11 I I 
0.91 3 11 I 
041 2 11 I 
0.61 3 11 
0.31 2, 1! 
3.11 3, 11 I 
611 3 11 I I 
0.21 2 11 
3.11 3 11 
1 1 1 1 
2.91 3, I 11 
111 21 I 11 
5 11 31 11 I 
181 2! 1! 
END OFI DATA I I 
Ml-103 A-A'
THICl0/ESSI COLOR GRAIN TYPE Stromatolite collected from 
21 21 I 1 'Miner's Hollow 
0.5 51 1 I 
1.5 2! I L Thickness=mm 
O 51 51 I 11 I Color 1 =void 
11 I 2 1 Color 2=dark 
0.25 I 51 11 I Color 3=light 
1.251 2 1 Color 4=black 
0.5 5 I 1 
4 I 2 I 11 Grain 1 =carbonate 
1 I 5 1; Grain 2=lerri_genous 
1.5 2 1 I 
1 5 ! 11 ! 
1 2 1 i 
0.75 i 5 1 i 
0.5 2 1 ' 
i I 
0.25 5 1 
2 I 2 l I : 
0.75 5 11 I 
1 2 11 
0.75 5 l I 
l 2 1 i 
l 5 1 I 
0.5 2 1 
0.5 5 1 
2 2 1 
3 3 1 
0.75 5 1 
0.2 2 1 
O.B 5 l 
0.25 2 l 
1 5 l 
0.15 2 l 
1 5 l ' 
0.2 I 2 I l 
11 I 5 I 1, I I 
0.1 I 2 I 11 II 
0.85 5 I l' 
1 2 I 1 
1 5 l 
0.25 2 11 
0.75 5 11 
0.1 2 1 
0.9 5 1 
0.25 2 1 
0.5 5 1 
0.2 I 2 I 1 I 
0.5 I 5 I 1 I 
0.15 2 I l ' 
1.1 I 5 I 11 I 
0.5 2 1 I 
0.8 I 5 11 
0.1 2 I 1 
1 5 11 
2.5 2 11 
STYLOUTE I 11 i I 
31 I 21 I 1' I 
STYLOL!TE l '
0.51 2 I
0.75 5 l ' 
031 2 1 I 
0.751 5 1 I 
0 51 ' 2 I l I
11 5 I '
0 251 2, I 
' 
LIi 5, I 
10 2' l 
8.5 i 2l 1 I ! I 
10 31 I l I 
20 SKIPPED 1 i 
0.2 41 I, I I 
1 2 I I 
I I 31 I I 
I 31 I 
1 2 I, 
0.75 I 31 I I I 
0 II I 2 I I 
0.75 31 I I 
I 31 I I -
2 21 I I 
1.5 31 I 
1.5 3 !' I 
I 21 II 
1.2 3 II 
I 2 II 
I 3 11 
0.8 2 I JI -�
LI 21 I 
LI 3, I I 
0.5 ' 21 11 
0.8 31 l' I 
0.2 2' l 
0.8 3 : l I I 
0.2 2' I l I I 
l ' 31 l I I 
II I 3 I I --' I I 
0.2 2: I 
2 3 I I 
0.2 21 l I I I
0.91 31 I l 
0 71 31 I I I 
0.8 31 I I 
2.1 ' 21 I I 
l I 31 I 
1.5 21 I I 
l 31 l 
1.2 21 l 
11 I 3 I l 
20 SKIPPED I l 
0.75 3 I I 
I 3 I I 
0.9 31 I I ! 
I 31 I j 
I 2! ' 1 I ! 
1.8 I 31 1 i I i 
1 31 I 11 
0 91 31 I 
21 21 L 
5, 31 I 
21 I 21 
' I 
0 21 3 I I: I 
21 I 2 
I I 
JI ' 31 11 ! 
151 21 I' 
I I 3 1 I 
2.1 I 2 II I 
1! I 3 I I 
0 91 3 JI i 
1 2 II 
I! 3 I 
31 ' 2 I 
11 I 3 11 I 
1.5 2 1 I I 
1 3 I I 
2.5 ! 2 1 I 
0.8 I 3 !, I I ' 
1 2 11 I 
0.75 3 I I 
11 1 2 II I 
1 3 1 
9 2 1 I 
11 I 3 I I I 
11 2 I -
1.2 3 1 I 
0.1 4 1 I --
I 3.1 2 I I I 
0.1 4 1 
II 2 I ' I 
1 I 3 1 
1.1 2 1: I 
1[ 31 I 
111 21 II i 
1 3 II I i 
0.11 21 ll I 
[I I 3 1 I 
O.l 2 I I 
1.21 I 2 I II I 
O 21 2 II 
11 3 I I 
1 3 I 
[I 2 1 I 
l.[ I 3 l' 
0 51 2 1 I 
1 1 i 2 1 
0.81 I 3 l I 
l 21 li 
I.ti ! 3 l 
ll 2 I JI I I 
3 3 I II I : I 
0.51 4 I I 
2.2 3 1 
21 2 II ! I
1, 3 11 I 
21 2 1 
0.2i 3 1 I I 
2; 2 1 ' 
1. 3 1, 
2.11 2 1 I I 
1 3 1 I 
1.51 2, 1 I 
LI 3 1 II
21 2 1 
1 3 11 I 
0.1 21 1! I 
0.5 31 li I I 
0.1 21 11 
1 3i I 1: I 
11 I 3 i 11 
4.1 21 I 
3 I 31 I I 
41 21 1 
31 31 I Ii I I 
11 31 1 I 
11 31 1, I I 
LI I 31 1, i 
1 3 11 
1 2 II I 
0.9 2 1 
1 2 1 
I 2 1 
0.3 4 1 
2.5 2 1 
0.6 31 1 --
361 21 11 I 
0.8 31 1 I 
1 I 21 11 
1 I 31 1 
11 21 1 
2 I 2 1! 
011 21 I 11 I 
21 I 21 11 I 
1.31 I 21 I l! I 
1.91 I 3 I 11 I 
O 21 I 2 1 I 
LB 3 11 I I 
1.91 31 li 
I.Bl 31 I 11 I i 
21 I 21 I 11 ! 
0.9 31 1 
1.1 21 11 
18 31 11 
1.1 21 11 
1 31 11 
2 21 11 
1.5 31 I II I 
15 2' i 11 
I I 
3 21 II I 
8 2' 11 I I 
11 I 21 11 I 
11 I 31 11 I I 
O 91 21 ; 11 I I 
l 3 1 
1' 2, l• 
11 I 31 1: I 
6' ! 21 : 1, 
0.51 4! I 1 
51 2' I 1 I 
71 3 1 I 
11 I 2 I 11 I I 
1 3 11 I 
11 2 1 I 
l 2 1 I 
09 3 1
' 
I I I 
3 I 2 11 I I 
0.5 3 11 
I 
1.3 2 l 
0.2 4 1 ! 
0.8 2 1 
11 3 1 
0.7 2 l 
11 3 11 I I 
2 I 2 l 
l 3 1 I 
11 2 11 
0.2 4 1 
11 2 l 
1.2 31 l 
0.1 2 1 
09 3 1--
1.1 3 1 
0.1 4 l 
6.2 3 1 
0.2 4 1 
39 2 l 
0.5 3 l 
1 2 11 I 
11 I 3 11 I I 
l 21 ll 
1.11 31 1 I 
221 21 I l I 
8 3 l 
8 3 I l 
0.5 4 I 1 I 
11 3 ti I 
1.1 3 l 
0.1 41 l 
0 9 31 l 
09 21 1 
11 3 1 I 
0.1 41 1 
6 31 1 I 
241 SKIPPED 11 I 
!.Bl 21 11 
0 51 3 11 
!.Bl I 21 11 I 
0 11 I 21 ll I 
11 3 l 
11 1 3 l 
1.21 21 l I I I 
1.7' 3 i 
LI 2 1 i 
131 3 1 I 
0.91 2 1 
111 3 1 
1.21 31 1 I I I
1 2! 1' I 
0.8 31 1' 
1 21 1: I 
0 91 31 !; 
11 21 1' 
0.9 31 11 
11 21 11 
0.9 I 31 11 I 
1 2 1! -i---
11 31 I 11 I 
2 I 41 I 11 ' 
1 I 31 11 
11 I 2 I 11 I 
0.91 3' 1! 
1 2, 11 
2 ! 21 I 11 ; 
11 I 3 I 1 
15 I 3 1! 
20 SKIPPED 11 I 
4 I 2 1 
1 3 I 1 
11 2 11 
3 I 3 1 
11 3 1 
1 3 I 1 
11 21 1 
11 I 41 1 
1 I 2 1 
1.2 31 1 ! I
21 I 2 11 
LB 31 1 I I 
0.21 21 1 I 
111 31 11 
2 21 1 
1 I 3 11 ! 
2.1 31 11 I 
11 31 11 I I 
12 I 21 1 
0.9 3 I 11 I 
0.8 2 11 ' 
11 41 11 ! 
3.2 2 11 ! 
11 3 1: 
11 3 11 I I 
21 2 1' I 
0 51 31 11 
11 2 11 
51 31 1 
3 2 I 1 I 
2 I 3 I 1 
1 4 I 1 
11 21 1 
0.3 3 1 ! 
0 2, 2, I 1 
041 31 i 1 I 
0 2, 2! 1 I 
04! 3' I 1 I 
0.2: 21 ; 1 I 
' 
0 51 3I I 1' I I I 
111 2 1: I i I 
0.91 31 1, 
11 31 I 1 
!Bl 2 11 
17I 3I I 1 I ' 
11 21 I l, I I 
2 11 I 3 I 1! ! I ---
0.3 1! 3
11 2 11 
0.9 3 i 1, I i 
1 ! 2 1 
1 I 3 11 I 
0.51 21 1 
111 2 11 
021 3 11 I 
1 I 2 1! 
11 2 li 
0.9 3 11 
111 I 2 li I 
0.1 I 3 11 I 
0.2 3 11 I 
1 I 2 1 I 
0.2 I 3 l I
11 2 l I 
11 I 3 1' I 
0.2 I 2 1, I 
111 I 3 11 I 
1! 21 1' I 
11 3 1 
0.21 21 I 11 I I 
111 31 i 1: I 
0.11 21 1, I 
0.21 3 11 
0.11 I 2 11 I 
0 221 31 11 
' 
I 
0.11 ' 2 l 
0 51 3 11 
111 I 4 11 
1 .31 I 2 1, 
2.21 2 1 I 
11 3 1 
0.11 I 2 1 
11 ' 3 1 
0 91 31 1 
111 2 1 
0.11 2 1 
2 21 21 1 
21 3I 1 
0.1 21 1. 
1 3I 1 
0.11 21 1 I 
0.9 31 I, 
0.2 2 I ' 
131 31 I 11 i 
Il l 3 11
0 11 2 I i 
O 51 3 I i 
0.1 2 I I' 
0.1 3 i I ! 
19 2 I 
0.9 3 ' II
0.1 I 21 I I I ' 
2.1 I 3 I 
0.1 2 I i 
I 3 I i 
0.9 i 2 I I 
0.1 3 I I 
0.1 2 I I 
I I 2 I 
0.3 I 3 1 
16 2 I 
I I 3 I I 
0.9 I 3 I I I 
0.8 3 I 
11 2 I 
19 2 1 
11 2 I 
0.3 3 1 
1.1 I 2 I 
0.3 3 1 
0.5 2 1 
0.2 I 3 1 
1 3 I 
0.8 ' 2 1 
0.7 3 I 
0.1 I 31 I 
6 I 2 I 
19 I 3 I 
I ' 3 I ' 
0.7 I 4 I 
I 2 1 
11 I 2 1 
0.9 I 2 1 
0.5 I 3 I 
2 71 I 2 I 1 
0.11 3 I 1 
LI 2 1 
LI 3 I 
0.9 ' 3 I 
1.3 3 1 
LI I 3 I 
1.1 2 I 
1 I 2 I 
11 I 3 I 
1 I 3 I I 
0.9 3 1 
12 2 I 
1.1 31 1 
0.1 31 I I 
111 2 1
I i I 
0.9 I 31 1 1 
0.91 2 11 I I i 
31 2 11 I I 
0 31 4 11 
4 1 
1 3 1 I I 
0.8 3 1 
0.9 2 1 
1 3 1 
11 1 3 ti 
1 3 11 
12 3 11 
1 3 1 
0.9 3 11 
11 3 1 
1 3 1 
12 3 1 
17 2 1 
2 3 1 
0.3 3 1 
1.1 2 I 
I 2 II I 
0.8 3 1 
0.9 3 1 
2.1 2 11 
1 21 1' 
11 31 1. 
1 21 I ' 
11 3 1. 
0.2 3 11 ! 
0.1 2 1 
0.1 4 1 I 
12 3 1 
0.8 2 I 
111 2 11 
0.9 3 11 
1 21 I I 
0.2 21 1 I I 
7 21 I 2 1 
END OF DATA I I I 
